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ADYEETISEMENT. 


The  intention  of  the  Author  of  the  following 
synopsis  is  to  furnish  a  cheap,  small  book  contain- 
ing the  best  practical  information  hitherto  pub- 
lished and  scattered  through  many  eminent  authors, 
nearly  all  of  which  he  has  carefully  studied,  and 
having  had  more  than  thirty  years'  experience  as  a 
Surveyor,  &c.,  has  often  had  occasion  to  carry 
large  works  in  order  to  have  at  hand  the  things 
necessary  in  the  immediate  field  practice  of  sur- 
veying, levelling,  profiling,  calculating  excava- 
tions, embankments,  &c.  To  render  the  book  as 
cheap  as  possible,  the  tables  shall  be  only  those 
that  are  really  wanted,  but-  by  which  all  things  in 
common  practice  can  be  readily  done,  viz :  Lati- 
tude and  departure,  for  four  pole  chains.  A  table 
of  natural  sines,  cosines,  and  tangents,  which  are 
most  useful  for  finding  the  radius  of  curves,  degree 
of  curvature,  &c.,  on  railroad  and  other  curves, 
their  application  in  finding  grades,  cuttings,  fil- 
lings, &c.,  will,  it  is  hoped,  prove  useful. 

(iii) 


iv  Advertisement. 

Geometrical  demonstrations  are  avoided,  except 
in  a  few  cases,  the  design  of  the  writer  being  to 
furnish  a  short  treatise,  to  direct  at  once  to  what 
is  required. 

The  work  will  be  comprised  in  four  divisons  : 

1st.  The  arithmetical  calculation  of  plane  figures. 

2nd.  The  calculation  of  surveys  taken  with  the 
compass  and  chain  by  latitude  and  departure,  with 
various  methods  of  proof. 

3d.  The  method  of  plotting,  enlarging  and  di- 
minishing maps,  with  remarks  on  copying  and 
embellishing. 

4th.  Levelling,  profiling  and  calculating  cuttings 
and  embankments,  the  use  and  application  of  the 
tables,  together  with  many  other  useful  things 
applicable  in  practice. 


PREFACE. 


The  following  compilation  is  made  in  consequence  of  the 
undersigned  not  having  met  with  any  work  on  Surveying 
sufficiently  concise,  and  instructive  in  the  several  details, 
necessary  to  qualify  properly  the  practical  surveyor.  Many 
of  the  works  already  published  contain  subjects  not  neces- 
sary in  such  treatises ;  such  as  Geometry,  Plane  Trigo- 
nometry, &c.,  which  subjects,  it  is  taken  for  granted,  all 
who  intend  to  become  proficients  have  studied  prior  to 
reading  Surveying.  They  are  also  found  not  to  contain 
instruction  that  in  recent  improvements  the  surveyor  re- 
quires to  know.  Many  of  these  things  the  compiler  of  this 
short  treatise,  will  endeavour  to  supply ;  also,  many  other 
necessary  things,  which,  in  his  long  experience,  he  has 
found  indispensable  to  the  correct  practitioner.  He  has 
collected  the  most  necessary  insti-uction  in  leveling  and 
profiling,  with  a  new  and  speedy  plan  of  setting  grades 
on  rail  and  plank  roads.  The  method  of  inflecting  curves, 
not  hitherto  sufficiently  explained.  The  description  and 
design  of  a  new  instrument  whereby  distances  are  found 
at  once  without  any  calculation,  A  new  method  of  sur- 
veying any  tract  of  land  by  measuring  one  line  through 
it,  with  a  geometrical  demonstration  of  the  same.  A  geo- 
metrical method  of  correcting  surveys  taken  with  the  Com- 
1*  (v) 
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pass,  to  fit  them  for  calculation,  with  a  table  of  corrections 
for  certain  distances,  but  applicable  to  all.  A  short  method 
of  finding  the  angles  from  the  courses,  and  vice  versa. 
The  method  of  surveying  with  the  Compass  through  any 
mine  or  iron  works,  and  to  correct  the  deflections  of  the 
needle  by  attraction.  Description  of  an  instrument  by  the 
help  of  which  any  gentleman  may  measure  a  map  by  inspec- 
tion, without  calculation.  A  new  and  short  method  of  calcu- 
lation, wherein  fewer  figures  are  used  than  in  the  common 
method ;  also,  the  Pennsylvania  method.  Tables  of  diff'er- 
ence  ■  of  Latitude  and  Departure,  made  expressly  for  two 
pole  chains,  but  which  can  also  be  used  with  four  poles. 
The  method  of  correcting  the  diurnal  variation  of  the 
needle,  most  useful  in  tracing  the  boundaries  of  surveys, 
a  complete  description  of  which  is  given  with  the  reason 
for  using  57-3°  and  how  it  is  found.  Various  methods  of 
plotting  and  embellishing  maps.  The  most  correct  method 
of  laying  ofi"  lots  with  a  pole,  plummets,  &c.  Description 
of  a  new  Compass  which  the  compiler  has  contrived  for 
that  purpose,  and  which  is  made  by  Reid  &  Sons,  Smith- 
field  street,  Pittsburgh. 

The  compiler  does  not  deny  that  he  has  borrowed  from 
many  authors  those  things  he  has  found  best  adapted  to 
the  completion  of  a  work  adequate  to  make  a  finished 
American  Surveyor,  of  which  an  unprejudiced  and  en- 
lightened public  are  the  best  judges. 

ANDREW  DUNCAN, 

Land  Surveyor  and  Civil  Engineer, 

Office,  Odeon  Building,  Fourth  St.,  Pittsburgh, 


PRACTICAL   SUEYEYOE'S  GUIDE. 


Problem  First. 
To  reduce  two  pole  chains  and  links  to  four  pole 
ones. 

If  the  number  of  chains  be  even,  the  half  of 
them  will  be  four  pole  ones,  to  which  annex  the 
given  links.     Thus : 

1.  In  16  chains,  37  links  of  two  pole  chains 
how  many  four  pole  ones  : 

2)16.  37 


Ans.  8.37 

But  if  the  number  of  chains  be  odd,  take  half 
of  them  and  add  50  to  the  links.     Thus : 
2)131.40 


Ans.        65.90 

Problem  Second. 
To  reduce  four  pole  chains  and  links  to  two  pole 
ones.     Double  the  chains  and  annex  the  links  if 

(9) 
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they  be  less  than  50,  but  if  they  exceed  50,  add  one 
to  double  the  chains  and  take  50  from  the  links. 

C,  L. 

Thus  :     16. 25  of  four  poles,  how  many  two  pole 
chains. 

16.25       . 

2 


Ans.    ^32.25 

C.  L. 

2d.    In  19.87  four  pole  chains  how  many  two 

pole  ones. 

:     19.87 
2.50 


Ans.     39.37 

To  reduce  two  pole  chains  and  links  to  perches 
and  decimal  of  a  perch,  multiply  the  chains  by 

C.  L. 

two  and  the  links  by  four,  thus:     In  16.37  how 

many  perches. 

16.37 
2.  4 


Ans.     33.48 

Article  First — of  Areas. 
A  square  is  a  plane  figure  having  four  equal 
sides  and  four  right  angles.     To  find  the  contentj 


The  Surveyor's  Gtuide.  11 

multiply  the  side  into  itself  aB;d  the  product  is  the 
content. 

Example. 
Required  the  area  of  the  square  A  B  C  D,  one 
of  whose  sides  is  25  chains  95  links. 


Fig.  1. 


25.95 
25.95 

12975 
23355 
12975 
5190 

A 

A.  K.  P. 

67.  1. 14.44 

A.  67.34025 
4 

C 

25.95 

R.    1.36100 
40 

P.  14,44000 

A  parallelogram  is  a  four  sided  figure  whose 
opposite  sides  and  angles  are  equal.     To  find  the 
area  multiply  one  of  the  sides  by  the  p.erpendicular 
demitted  from  one  of  its  opposite,  angles. 
Example. 

Required  the  area  of  the  parallelogram  A  B 
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C  D,  the  length  of  which  is  15  chains,  and  height 

C.  L. 

12  64. 


Fig.  2 


12.64 

A.  R.  p. 

18.3.  33.6 

D 

15  00                                           ( 

12.64 
15 

6320 
1264 

Acres, 

18,960 

Roods, 

3.840 
40 

Perches,  38,600 

The  content  of  an  oblong  piece  of  ground  and 
one  side  are  frequently  given  to  find  the  other. 
Divide  the  area  in  perches  by  the  given  side,  gives 
the  side  required  which  is  easily  reduced  into 
chains  and  links. 

If  a  lot  contains  507  perches  and  is  14.25  long, 
what  is  its  width. 
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29)507           '17.4827 
29 


.25+12.06=8  37.06 


217.0000 
203 

140 
116 

240 
232 

80 
58 

220 

203 
To  draw  maps  of  these  figures  is  too  obvious  to 
require  any  explanation. 

5th.  When  the  sides  of  the  above  figures  are 
given  in  feet  and  inches,  reduce  the  inches  to  deci- 
mal of  a  foot.  Then  multiply  the  length  by  the 
breadth  and  divide  the  product  by  43560,  the 
number  of  feet  in  an  acre,  the  quotient  will  be  the 
acres  and  decimal  of  an  acre,  which  may  be  redu- 
ced to  roods  and  perches  by  multiplying  by  4  for 
the  roods  and  40  for  the  perches,  pointing  off  the 
proper  number  of  decimal  places  each  time,  thus  : 

A  lot  of  land  is  600  feet  4  inches  long  and  240 
2 
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feet  3  inches  wide,  how  many  acres  does  it  contain. 
600.333.X240.25=144230.00325 

This  divided  by  43560.  gives  3.31106  or  3  1  0^9.76 

4 


1.24424 
40 


9.76960   Ans. 

6th.  A  trapezium  is  a  four  sided  figure  the  oppo- 
site sides  of  which  are  neither  equal  nor  parallel. 
To  find  the  content,  measure  a  diagonal  and  two 
perpendiculars  to  the  opposite  corners,  multiply 
the  diagonal  by  half  the  sum  of  the  perpendicu- 
lars, and  the  product  will  be  the  area. 
Example. 

Let  A  B  C  D  be  any  trapezium,  having  A  C  80 
perches,  and  the  perpendiculars  as  in  the  figure. 
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15 


25 
20 

2)45 

22.5 
80 

160)1800,0(li.l.00    Ans. 
160 

200 
160 

40)40(1 
40 


7th.  A  triangle  is  a  figure  having  three  sides 
and  three  angles,  any  side  may  be  called  the  base, 
having  the  base  and  perpendicular  given.  Multi- 
ply the  base  by  half  the  perpendicular,  or  the  base 
by  the  whole  of  the  perpendicular,  and  take  half 
the  sum. 

Example. 

LetABCbeany 
triangle  whose  base 
is  100  two  pole  ch's 
and  15  links,  and 
perpendicular    40 
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chains    and    20   links,  required   the   content    in 

acres. 

100     15 
2      4 


40     20  200.6      perches  and  decimal. 

2      4  40.4     half  the  perpendicular. 


2)80     8  8024 

8024 

40     4  A.  R.  P. 

160)8104.24(50  2  24.24    Ans. 
800 

40)104 
80 

24 

8th.  Having  the  three  sides  given  to  find  the  area 
rule,  add  the  three  sides  together  and  take  half 
the  sum,  from  which  subtract  each  side  severally, 
multiply  the  half  sum  and  three  remainders  con- 
tinually into  each  other,  and  the  square  root  of 
the  product  will  be  the  area. 

The  most  satisfactory  proof  of  the  above  rule 
is  the  following : 

Let  A  B  C  be  any  triangle,  B  C  its  base,  A  B  the 
greatest  side,  and  A  C  the  least,  and  let  P  be  half 
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the  perimeter.  In  A  B  take  A  D=A  C,  join  D  C 
and  draw  A  E  perpendicular  to  D  C  and  E  G  pa- 
allel  to  B  C  cutting  A  B 
in  G,  with  tlie  centre  G 
and  radius  G  E  describe 
a  circle  cutting  A  B  in  L 
and  A  B  and  E  G  pro- 
duced in  K  and  H.  Join 
H  B  and  produce  A  E,  Kg.  5. 

H  B  till  they  meet  in  M.  Since  A  D=A  C  and 
the  angles  at  E  are  right,  the  squares  of  A  E, 
E  D  are  equal  2  A  E,+2  E  0  and  .-.  E  D=E  C  or 
D  0=2  D  E.  Hence  by  similar  triangles  D  G  E, 
D  B  0,  B  0=2  G  E=E  H,  and  B  0  is  also  paral- 
lel to  E  H  .-.  H  B  M  is  parallel  to  0  E  D  and 
(Euc.  1st  29th)  the  angle  B  M  E=D  E  A,  viz :  a 
right  angle,  and  H  E  being  a  diameter,  M  is  a 
point  in  the  circle.  But  from  similar  triangles 
D  G  E,  D  B  0,  D  B=2  D  G,  to  each  of  these 
equals  add  A  D+A  0=2  A  D,  and  B  A+A  0=2 
A  G,  to  each  of  which  equals  add  B  0=2  G  E=2 
G  K  .-.  A  B+A  0+B  0=2  A  K  or  A  K  is  =P, 
half  the  perimeter.  Now  the  area  of  the  triangle 
A  B  0=area  A  D  0+area  B  D  0=A  EXD  E+ 
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M  EXD  E  (B  M  being  parallel  to  D  C)=A  MXD 
E.  But  by  similar  triangles  A  D  E,  A  M  B  :  A 
E  :  E  D  ::  A  M  to  M  B,  and  by  equi-multiples 
the  first  multiplied  by  third  :  the  second  multiplied 
by  the  third  ::  the  second  X  by  the  third  :  the 
second  X  by  the  fourth.  Hence,  A  EXA  M  :  E 
DXA  M ::  E  DXA  M  :  E  DXM  B,  i.  e.  the  area 
of  the  triangle  is  a  mean  proportional  between 
A  EXA  M,  and  E  DXM  B.  Now  E  DXM  B  = 
P— A  BXP— A  C,  and  A  EXA  M=A  LXA  K= 
PXP — B  0.  Hence  the  area  of  the  triangle  is  : 
^fPXP— A  BXP— A  GXP— B  0,  which  is  the  rule. 

Example. 
9th.  Suppose  the 
sides  to  be  measur- 
ed by  a  four  pole 
chain  and  be 

AB  10.64) 
A  C  12.  28  y 
BO      9.  00  J 


Sum   31.92 


I  sum  15.  96 

5.  32  first  remainder. 
3.  68  second     do. 

6.  96  third        do. 


Fig.  6 
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15.96X5.32X3.68X6.96=2174.71013216(46.6337 
16 


A.    R. 

4  2 

616 

926)5871 
5556 

And   since 
10    square 
4  pole  ch's 
make    one 
acre,     this 
becomes 

9323)31501 
27969 

93263)353232 

279789 

932667)7344316  4.66337 
6528669            4 

p. 
26. 

2.65348 
40 

The  content  is 

26,13920 

If  the  sides  are  in  perches  and  decimal,  divide 
the  square  root  of  the  products  of  the  half  sum 
and  three  remainders  by  160,  and  the  quotient 
will  be  the  acres,  and  the  remainder  divided  by  40 
will  be  the  roods. 

The  same  may  be  more  readily  done  by  loga- 
rithms, for  as  the  addition  of  logarithms  serves  for 
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the  multiplication  of  their  corresponding  numbers, 
and  that  the  number  answering  to  the  half  of  a  lo- 
garithm will  give  the  square  root  of  the  number  of 
that  logarithm,  it  follows  that  half  the  sum  of  the 
logarithms  of  half  the  sum  of  the  sides,  and  the 
three  remainders  will  give  the  area,  thus  : 
Half  sum,  15.96    log.  1.20303 


First  remainder,      5.32 
Second     "               3.68 
Third       «              6.96 

"     0.72591 
"     0.56585 
"     0.84261 

2)3.33740 

Square  four  poles  46.63 
Or,          4.663 
4 

1.66870 

2.652 
40 

26.080        4  2  26  as  before. 

10th.  When  the  three  sides  are  given  and  the 
angles  are  required,  call  either  side  on  which  the 
perpendicular  will  fall  from  the  o^pposite  angle  the 
base,  then  as  the  base  is  to  the  sum  of  the  other 
two  sides  so  is  the  difference  of  those  sides  to  the 
difference  of  the  segments  made  by  the  perpen- 
dicular, then  half  that  difference  added  to  half  the 
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Bum  gives  the  greater,  and  substracted  the  less,  by 

•which  means  it  is  divided  into  two  right  angled 

triangles,  the  hypothenuse  and  one  leg   of  each 

being  given,  the  angles  are  easily  found  by  plane 

trigonometry. 

Example. 
Let  A  B  C  be  ^   \    Kg.  7 

any  triangle  hav- 
ing the  sides  giv- 
en as  follows,viz : 
A  B  88,  B  C  54 
and  A  C  108  to  find  the  angles. 

A  B=88     Then  as  108  :  142  ::  34 
B  C=54  34 


142  sum 
34  difference. 


568 
426 


108)4828.000(44.703  diff.  of  the 
432  segments  at  the  base. 

22.351  half  diff. 

508 
432 

760 
756 


400 
324 
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Then  half  the  base  54+22.351=76.351,  the 
greater  segment  A  B,  and  54—22.351=31.649  the 
less  segment. 

The  triangle  is  now  divided  into  two  right  angled 

triangles,  the  hypothenuse  and  base  in  each  being 

given  to  find  the  angles,  as  follows : 

AsAB     88  1.9444827 

:     Rad.     90°  10.0000000 

::   A  D     76.351         1.8828147 


11.8828147 
1.9444827 


:  Sine  A  B  D  60°.ll'      9.9383320 

And  90— 60°.11'=29°.49'=-Angle  BAD.  In 
the  same  way  C  B  D  is  found  to  be  35°. 53'  its  com- 
plement 54°.07'=/'  B  CD. 

Now     A  B  D=60°.ll' 
C  B  D=35  .53 


Angle  A  B  C= 

=96 

.04 

t 

A= 

29 

.49 

L 

C- 

54 

.07 

180  .00  Proof  as  the  three  angles 
of  every  plane  triangle  are  equal  to  180°  per  32d 
of  the  1st  of  Euclid. 

lltli.  Many  things  occur  to  the  practical  sur- 
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veyor  in  the  triangle,  some  of  which  I  shall  take 
notice  of  in  this  place.  It  often  happens  in  prac- 
tice that  the  two  sides  and  their  included  angle  are 
given  to  find  the  other  angles  and  side. 

Rule. — As  the  sum  of  the  sides  is  to  their  differ- 
ence so  is  the  tangent  of  half  the  sum  of  the  oppo- 
site angles  to  the  tangent  of  half  the  difference ; 
this  half  difference  added  to  half  the  sum  of  the 
angles  at  the  base  gives  the  greater,  and  sub- 
tracted the  less.  Then  aa  sine  of  either  of  the 
base  angles  is  to  its  opposite  side,  so  is  sine  of  the 
contained  angle  to  the  required  side. 
Example. 


Let  AC 

=80,  B  G 

=110,and 

/^  ACB 

102°.30'to 

find  A  B 

c 
and  the  angles  A  and  B. 

Side      B  C  110    From         180 
Side     AC     80    take /:  C=  102.30 


Sum  190  2)77.30  sum  of  base 

angles. 

Diff.  of  sides   30  |  sum -38.45 
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Then  as    190    log.     2.2787536  88°.45' 
:                 30      "      1.4771213        7  .13 

::  Tag't      38°.45'       9.9044910  

45  .58   U  A 

11.3816123  — 

2.2787536  31  .32  0  B 


::Tag'tofidiff.7°.13'  9.1028587 

Then  as  sine  B     31°.32' 

:      AC     80 

::  sine  C   102.30 
Or  its  supplem't    77.30 


9.7184971 
1.9030900 

9.9895815 

11.8926715 

9.7184971 


To  A  B  149.34  2.1741744 

12th.  Again,  it  often  happens  that  the  area 
must  be  found  from  the  foregoing  data,  in  that 
case  multiply  the  two  sides  together,  and  that  pro- 
duct by  the  natural  sine  of  \  the  contained  angle, 
gives  the  area. 

Example. 

Let  ABC 

be  a  triangle 

having      the 

side  A  C  13 

chains,  A  B  4. 

7c.  501.  and  /-  B  A  C  42°  to  find  the  area. 
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7.5 
13 

225 
75 

97.5X.334565  half  the  nat'l  sine  of  42°= 

A.    R.      P. 

32.62  square  four  pole  chains  =  32  19.2  Ans. 

Demonstration. 
Let  fall  the  perpendicular  B.  D. 
A  B  :  B  D  ::  rad  :  sine  A 
.-.  B  D=ABXsine^A 


Rad  But  rad.=l. 

.*.  B  D=A  B=sine.     Multiply  each  side  by 
ACandBD.   AC=AB.   Sine  A.XA  C 
But  A  C.  B  D— the  area.    Hence, 


A  B.  A  C.  Sine  A=area,  which  is  the  rule. 


13th.  Let  B  A  C  be  a  triangular  farm,  and  P  a 
well  of  water.  It  is  required  to  draw  a  line  or 
fence  from  the  well  that  will  divide  the  farm 
equally  between  two  partners; 
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Fig.  10. 


E  D 

Find  D  the  middle  of  the  base,  B  C,  and  from 
P  take  a  course  of  P  D.  Again  set  your  instrument 
at  A,  and  take  the  same  course  A  E  ;  cause  a  pole 
to  be  set  at  E,  a  line  or  fence  from  E  to  P  will 
bisect  the  farm,  which  is  easily  demonstrated  from 
the  figure.     See  Bland. 

14th.  Again,  suppose  the  well  P,  to  be  situated 
within  the  farm,  and  it  be  required  to  divide  it 
equally  between  three  occupants,  so  that  each  may 
have  the  use  of  the  well.  a 

In  fig.  11  di- 
vide the  base  B 
C,  into  three 
equal  parts  in 
D  and  E.  Set 
your  instrument 
at  P,  and  take  ^ 


Fig.  11. 
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the  courses  P  D  and  P  E.  Remove  your  instru- 
ment to  A,  and  take  A  F  the  same  course  as  P  D, 
and  A  G  the  same  as  P  E.  Cause  stakes  to  be  driven 
at  F  and  E  in  a  straight  line  between  B  and  C. 
Fences  from  F,  G,  and  A,  to  P,  trisect  the  farm, 
■which  is  plain  from  the  figure. 

15th.  To  find  the  area  of  a  Trapezoid  Rule, 
multiply  half  the  sum  of  the  parallel  sides  by  the 
perpendicular  distance  between  them,  and  the  pro- 
duct is  the  area. 

Let  figure  12  be  a 
Trapezoid ;  if  A  D  be  q  ..-,- 
bisected  in  E,  and  E 
F  drawn  parallel  to 

A  B  or  C  D,  it  also  j  Kg.  12. 

bisects  B  C  in  F. — 
Through  F  draw  ^G 
H  parallel  to  A  D. 


It  is  evident  the  triangles,  B  F  G,  and  F  C  H, 
are  similar  and  equal.  (26th  Euclid,  1st.)  .-.  E  F, 
half  the  sum  of  the  sides,  multiplied  by  the  per- 
pendicular distance  between  them,  A  B,  gives 
the  area. 
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Being  surveying  on  the  side  of  a  bog,  and  want- 
ing four  acres  to  make  up  a  division,  and  seeing  A 


A  50  ,  C 

B  would  pass  through  a  pond,  I  found  A  C  fifty 
chains,  and  L  C  56*^;  how  far  must  I  measure 
from  C  towards  B,  so  that  the  triangle  ABC, 
may  contain  four  acres. 

Since  A  C  X  C  B  X  i  the  natl.  sine  of  56°=4 
acres,  it  follows  that  4  acres  divided  by  the  pro- 
duct of  one  half  the  natl.  sine  of  56°  into  A  C, 
gives  B  C  the  required  side.     Thus  : 

50X4=200  perches  X,  4145188=82.9 ;  and  640 
perches  in  4  acres,  divided  by  82.9=7.72  per  the 
length  of  B  C,  and  in  like  manner  any  other  simi- 
lar case  can  be  done. 

17th.  Sometimes  it  is  found  necessary  to  ob- 
tain the  area  of  a  trapezium  from  having  the 
diagonals   and   the  angle  of  intersection   given. 
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Rule — Half  the  product  of  the  diagonals  multi- 
plied by  the  natural  sine  of  the  angle  of  intersec- 
tion, will  be  the  area. 

Example. 
If  the  two  diagonals  of  a  trapezium  be  40.15, 
and  60.13  chains  the  /-  of  intersection  75°  45', 
what  is  the  area.  J  of  40.15X60.13=1207.1097= 
half  the  product  of  the  diagonals,  and  1207.1097X 
96923=(natural  sine  of  75°45')=1169.966934531== 

A.      R.    P. 

the  area,  in  square  four  pole  chains,  or  116. 3.  39. 47. 
Answer. 

18th.  To  find  the  area  of  a  trapezium,  when 
each  side  and  the  angle  of  intersection  of  the 
diagonals  are  given.  Rule — Square  each  side  of 
the  trapezium ;  add  together  the  squares  of  each 
pair  of  opposite  sides  ;  subtract  the  less  from  the 
greater;  multiply  the  diflference  by  the  tangents 
of  the  angle  of  intersection.  One  fourth  of  the 
product  will  be  the  area. 

Example. 

What  is  the  area  of  a  trapezium,  the  sides  of 
which  are  10,  13,  7.16,  8.32,  and  10.05  chains 
respectively,  and  the  V  of  intersection  of  the 
diagonals  52°  15'. 
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(10.13)=102.6169 
(  8.32)=  69.2224 

171.8393=Sum  of  sqs.  of  opposite  sides. 

(15.05)=226.5025 
(  7.16)=  51.2656 


277.7681=Suni  of  sqs.  of  other  sides. 

105.9288      Difference, 
Multiplied  by   .32288=1  the  natural  tangent, 

34.20290944  or 


A  3.  1  .27,23    perches. 

For  a  demonstration  of  the  foregoing,  see  Cfib- 
son's  Surveying,  hj  Trotter. 

19th.  To  find  the  area  of  a  trapezium,  when  the 
four  sides  are  severally  given,  and  also  the  sum 
of  any  two  opposite  angles.  B,ule — From  half  the 
sum  of  the  four  given  sides,  subtract  each  seve- 
rally ;  multiply  the  four  remainders  continually 
together ;  from  the  result  subtract  one  half  the 
continual  product  of  the  four  sides,  multiplied  by 
unity,  increased  by  the  natural  cosine  of  the  sum 
of  the  given  angles.  The  square  root  of  the 
result  will  be  the  area. 
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Remark. 

In  the  application  of  this  theorem,  it  must  be 
carefully  remembered  that  the  cosine  of  an  angle ' 
is  positive  when  that  angle  is  in  either  the  first  or 
fourth  quadrants,  and  negative  when  it  is  in  the 
second  or  third  quadrants.  For  a  demonstration 
of  this  beautiful  theorem,  see  also,  Grihson,  hy 
Trotter. 

N.  B.  When  the  sum  of  the  opposite  angles  is 
180°,  that  is,  when  the  trapezium  can  be  inscribed 
in  a  circle,  the  above  rule  is  simply  :  frop  half  the 
sum  of  the  given  sides,  subtract  each  side  seve- 
rally ;  multiply  the  four  remainders  continually 
together,  and  extract  the  square  root,  gives  the 
area. 

Example. 

"  One  morning  in  May  I  went  to  survey, 

As  soon  as  bright  Sol  I  espied ; 

I  measured  round  a  four  cornered  ground. 

In  the  margin  see  the  length  of  each  side ; 

The  angle  at  B,  together  with  D, 

An  hundred  and  fifty  degrees  ; 

The  meadow's  content  is  all  that  I  want, 

Assist  me  kind  youths,  if  you  please." 
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A  B  15.60 
B  C  13.20 
C  D  10.00 
D  A  26.00  ch'ns. 


2)64.80  sum. 


32.4=J  sum. 


rig.  14. 


16.80=lst  remr.  S=half  the  sum. 

19.20=2d    do.  of  the  sides. 

22.40=3d    do. 
6.40=4th  do. 

Whence  (s-A  B)X(s-B  C)X(s-C  D)X(s-D  A)= 
32.4X16.8X19.2X22.4X6.4-46242.2016=46242. 
2016 
And  A  B.  B  C.  C  D.  D  A.X(l+cos.  150°) 


That  is  15.60X13.20X10.00X26.00 


-X0.1339746=3586.4464 


Difference=42655.7552 
The  square  root  of  42655.7552  is  206,  5327= 

A.     R.       P. 

area  in  square  four  pole  chains,  or  20.  2.  24,55232. 

N.  B.    This  problem  is  taken  from  Deighan's 

Arithmetic,  vol.  second,  page  148,  and  the  answer 

A.    K.    p. 

there  given  is  21.  2.  00,64,  which  is  obtained  by 
taking  the  trapezium  to  be  inscribed  in  a  circle, 
which  is  not  the  case. 
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When  the  opposite  angles  of  a  quadralateral  are 
equal  to  two  right  angles,  a  circle  can  be  described 
about  it.  The  rule  to  find  the  area,  then,  is  :  mul- 
tiply the  half  sum,  and  four  remainders  continually 
together,  and  extract  the  square  root,  for  in  that 
case  l+cos.(A+B)=0. 

21st.  To  find  the  area  of  a  circle  having  the 
diameter  given.  Rule — Square  the  diameter,  and 
multiply  by  .7854,  and  you  have  the  area. 

22d.  To  find  the  area  of  an  ellipsis.  Rule — 
Multiply  the  transverse  and  conjugate  diameters 
together,  and  that  product  by  .7854,  and  you  have 
the  area. 

28d.  To  find  the  area  of  a  parabola.  Rule — 
Multiply  the  height  by  the  breadth,  and  take  two- 
thirds  of  the  product ;  you  have  the  area. 

24th.  To  find  the  area  of  a  segment  of  a  para- 
bola. Rule — Multiply  the  base  of  the  segment  by 
the  altitude  thereof,  and  two-thirds  of  the  product 
gives  the  area. 

25th.  To  find  the  area  of  a  field  or  lot,  which  is 
found  to  be  the  frustum  or  zone  of  a  parabola, 
included  by  two  parallel  right  lines,  and  the  inter- 
cepted curves  of  the  parabola.  Rule — Add  the  two 
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parallel  ends,  divide  the  square  of  either  of  these 
ends  by  this  sum,  add  the  quotient  to  the  other 
end,  multiply  this  sum  by  the  altitude  of  the  frus- 
tum or  distance  of  the  ends,  take  two-thirds  of  the 
product,  and  it  gives  the  area. 


TRIGONOMETEICAL  SURVEYING. 


26th.  It  was  not  my  intention  to  say  any  thing 
concerning  this  branch  of  surveying,  as  it  is  too 
extensive  a  subject  for  this  small  work ;  but  as 
some  young  readers  may  not  have  met  with  any 
thing  on  that  subject,  I  will  present  them  with  an 
outline  of  how  that  grand  operation  is  conducted. 

When  an  entire  country,  or  part  of  a  country, 
containing  one  or  more  counties  is  to  be  surveyed, 
it  is  done  by  triangulation,  and  the  application  of 
the  rule  given  in  the  12th  section  of  this  work.  A 
line  of  some  miles  in  length  is  measured  and  re- 
measured  in  order  to  prove  its  accuracy,  on  some 
plane  or  heath  which  is  nearly  level,  first  having 
been  traced  by  a  transit  instrument,  and  poles 
placed  in  an  exact  straight  line,  to  guide  the  meas- 
urers, as  A  B  in  the  annexed  figure,  which  is  assu- 
med as  the  base  of  the  operations.  A  number  of 
hills  and  elevated  spots  are  selected,  on  which  sig- 
nals can  be  placed,  suitably  distant  and  visible 

(35) 
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one  from  another.     Thus,  ifACDEBHG 
F,  &c.,  be  several  objects,  the  situations  of  which 

D 

Fig.  15. 


are  to  be  laid  down  on  a  map,  and  they  are 
within  the  lines,  ACDEBHGF,  accu- 
rately calculated.  It  is  supposed  that  the  stations 
A  and  B  are  chosen  such  as  that  all  the  others  can 
be  seen  from  each  of  them.  Then  from  the  ex- 
tremity A,  measure  the  angles  E  A  B,  D  A  B, 
CAB,  &c.,  H  A  B,  G  A  B,  F  A  B,  &c.  And 
from  the  other  extremity  B,  measure  the  angles, 
CBA,DBA,EBA,  &c.,FBA,  GBA,HBA, 
&c.  And  as  the  common  base,  A  B,  and  the  seve- 
ral angles  of  all  the  triangles  are  now  known,  the 
sides,  A  C,  A  D,  A  E,  &c.  may  be  determined  by 
simple   proportion,   for   as   the   natural    sine   of 
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A  C  B  :  A  B  : :  sine  C  A  B  :  C  B  and  so  is  sine  ABC 
to  C  A,  and  so  through  all  the  triangles,  the  three 
sides  being  thus  found  in  each  triangle,  the  area  is 
easily  found,  as  shown  in  section  8th  of  this  trea- 
tise. But  to  insure  accuracy  the  objects  C  D  E,  etc., 
should  be  all  intersected  from  some  third  station, 
O  in  the  base  A  B,  otherwise  the  figure  may  ap- 
pear in  the  plotting  to  be  right  when  it  is  not  so, 
and  there  will  be  no  means  of  knowing  whether 
the  angles  have  been  correctly  taken  without  going 
over  the  work  again. 

27th.    Here  follows  an  example  of  a  triangle  con- 

A.       R.    p. 

taining  a  mean  area  of  1135.2.12.79.  The]  sides 
of  which  were  traced  by  a  transit  instrument,  and 
poles  placed  at  the  several  points  marked  thus  O  ; 
this  being  done,  the  respective  distances  of  the 
sides  were  ascertained  by  a  mean  of  measures  as 
follows,  viz  : 

B  A  14643  links,  or  9664.38  feet,  A  C  17814 
links,  or  11777.24  feet,  B  C  16588  links,  or  10948. 
08  feet.  The  angles  were  taken  by  a  theodolite 
as  they  are  marked  in  the  figure. 

Now  to  determine  the  area  of  the  triangle,  A 
BC: 


38 


The  Surveyor's  Guide. 


50°.1S'.21', 


Fig.IO. 


/'^^ 


14643  Unks,  or  9664.38  feet. 


1st.  From  the  data,  A  B,  and  the  three  angles  of 
the  known  formula 

A  B^Xsine  BXsine  A,       a     r   p' 

=1135.2.27.18 

2  sine  C. 
2d,  by  B  C,  and  the  three  angles, 

the  area  will  be  1135.3.029 

3d,  by  C  A,  and  the  three  angles, 

the  area  will  be  1135.0.38.6 


The  Surveyor's  Guide.  39 

4th,  by  data  A  B,  and  the  two 
adjacent  angles,  we  have  by  the 
known  formula, 

A  B^Xsine  BXsine  A, 


2  sine  (B+A) 
The  area  will  be  1135.2.25.7 

5th,  and  by  B  C,  and  the  two  ad- 
jacent angles  1135.3.01.9 
6th,  by  a  similar  formula  from  A 
C,  and  the  two  adjacent  angles, 
the  area  will  be                               1135.0.37.99 
7th,  by  data  A  B,  and  the  adja- 
cent angle  A,  and  the  remote  an- 
gle C,  we  have   by  the  known 
formula, 

(A  B)^Xsine  AXsine  (C+A) 

2  sine  C         area,     1135.2.27.8 

8th,  by  a  similar  formula  from  hav- 
ing A  B,  and  the  angles,  B  and 
C;  area  1135.2.28.2 

9th,  by  having  C  B  and  the  angles, 

C  and  A;  area  1135.3.03.58 

10th,  by  having  C  B  and  the  angles 

B  and  A:  area  1135.3.04.38 
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11th,  by  a  similar  formula  data  C 
A,  and  the  angles,  C  and  B,  gives 
the  area  1135.0.39.66 

12th,  by  a  similar  formula  from  da- 
ta C  A,  and  the  angles  A  and 
B;  area  1135.1.00.12 

13th,  by  data  A  BXB  C,  and  the 
contained  angle,  we  have 

A  BXB  CXsine  B-1135.2.35.06 


2 

14th,  by  A  CXA  B,  and  the  con- 
tained angle  1135.1.32.92 

15th,  by  A  CXB  C,  and  their  con- 
tained angle  C  1135.2.00.79 

16th,  by  data,  A  BXB  C,  and  the 
angle,  A,  we  have  by  a  known 
formula,  B  AXsine  A 


BC. 

=sine  C,  and  A  BXB  C,  sine  (A+O) 

2  area   1135.2.394 

17th,  by  the  application  of  similar 
formula  to  the  data,  A  BXB  C, 
and  angle,  C ;  area  1135.2.30.4 
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18th,  by  A'  CXC  B,  and  angle,  A,  1136.0.19.51 
19th,  by  A  CXB  C,  and  angle,  B, 

the  area  will  be  1135.0.19.89 

20th,  by  A  CXB  A,  and  angle,  B, 

the  area  will  be  1135.1.10.5 

21st,  by  A  CXB  A,  and  angle,  C, 

the  area  will  be  1135.3.05.16 

22d,  by  the  usual  rule   from  the 

three  sides,      s.  s — a.  s — b.  s — c.     1135.2.14.7 

Now  the  various  data  exhibited  in  this  triangle 
have  been  ascertained  with  the  same  relative  de- 
gree of  precision ;  and  the  different  areas  deduced 
therefrom  have  been  subjected  to  the  same  loga- 
rithmic process,  till  the  figure  has  been  exhausted ; 
there  is  no  reason  to  suppose  that  any  one  of  them 
is  nearer  to  the  truth  than  another ;  and  taking  a 

A.     R.    p. 

mean  of  the  results  we  have  1135.2.12.97  for  the 
nearest  approximation  to  the  true  area. 

But  suppose  we  consider  the  triangle  as  spheri- 
cal, and  the  admeasurement  of  the  sides  as  the 
lengths  of  three  arcs  of  three  great  circles  of  the 
sphere ;  and,  according  to  Sir  Isaac  Newton,  the 
diameter  of  the  earth  to  be  41,798,177  feet,  we 
will  then  have,    as  the  circumference  of  a  great 

4* 
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-circle  of  the  earth  is  to  360°,  so  is  the  length  of 
C  B  to  the  number  of  degrees  or  minutes,  &c., 
contained  in  the  arch,  C  B,  viz : 


As  131312964.37 
And      do. 
And      do. 


360°::  11757.24  :  l'.56".03868=archC  A. 
do.::  9664.38 :r.35".38309=  "  AB 
do.  ::  10948.08  :  r.48".05263==   «    B  C. 


Now  let  b  a  c,  represent  the  sides  of  any  spheri- 
cal triangle,  and  e  the  spherical  excess,  we  have  by 
Lhuiller's  theorem.  Tangent  ^  E= 

Tan.  a+b+c.  tan.  a+b — c.  tan.  a — b+c.  tan. — a+b+c. 

i  4  '      ~4  4 

And  by  restoring  to  a  b  and  c,  their  deter- 
mined values,  we  find 

a+b+c=0°  .1'  .19".  8686 

a+b— c=0°  .0'  .32"  .1771' 


a— b+c=0°  .0'  .21"  .8493 


And,  — a+b+c=0°  .0'  .25"  .842£ 


Whence  the  log.  tangt.  of  0°  .1'  .19"  .8686=  6.5879531 

of  0   .0'  .32"  .1771=  6.1931205 

of  0   .0'  .21"  .8493=  6.0250065 

of  0  .0' .25"  .8423=  6.0979010 


2)24.9039811 


Log.  of  i  the  spherical  excess=        2.4519905 
The  arc  corresponding  to  this  log.  will  be  found 
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to  be  ,00584  parts  of  a  second,  consequently  the 
spherical  excess  is  02336  of  a  second,  and  bj  a 
well  known  theorem,  As  180°  :  the  area  of  one- 
quarter  the  surface  of  the  sphere  :  :  the  spherical 
excess  to  the  area  of  the  spherical  triangle,  viz : 

As  180°  31500428420,3  the  area  of  a  great  cir- 
cle of   the  earth  in  statute  acres  :  :  023360  to 

A.    R.    p. 

1135.2.11.3  being  J  perch  less  than  the  mean 
area,  which  is  in  defect,  but  should  be  in  excess ; 
but  this  is  accounted  for  by  the  hills  on  the  land 
not  being  taken  into  account ;  the  difference,  how- 
ever, is  insignificant,  and  shows  that  the  difference 
between  a  plane  and  spherical  triangle  of  conside- 
rable dimensions  is  very  inconsiderable.  See  Crib- 
son  s  Surveying  ly  Trotter. 

28th.  How  to  measure  a  tract  of  land  by  measu- 
ring a  base  line  through  it,  and  not  departing  from 
that  line,  and  yet  finding  all  the  distances  round 
the  land,  their  courses,  and  angles  of  the  field,  and 
the  area,  never  before  published. 

In  order  to  do  this  expeditiously,  the  surveyor 
should  be  provided  with  an  instrument  having  two 
telescopes,  one  of  which  is  movable,  and  the  other 
fixed,  by  which  he  can  at  any  time  take  half  a  right 
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angle  from  the  base  line,  and  also  a  right  angle  ; 
he  must  also  have  an  active  assistant  with  a  flag- 
staff, to  hold  at  the  corners  as  he  proceeds  with  the 
measurement  on  the  base  line.  Let  ABODE 
T  M  G  H  A  be  any  tract  of  land  that  is  to  be  sur- 
veyed, let  the  base  K  L,  be  traced  through  it 
with  a  transit  instrument,  and  poles  set  perpen- 
dicularly, to  be  visible  from  one  to  another.  Set 
your  instrument  at  L,  on  the  base  line,  which  in 
this  survey  bears  N  40  E.  A  theodolite  and  com- 
pass attached  is  the  best  instrument  for  this 
method ;  adjust  your  instrument,  and  let  L  be  the 
point  where  45°  inflected  from  the  base  L  K  will 
cut  the  flag-staff;  at  the  corner  H,  commence 
chaining  towards  K,  and  five  chains  you  find  45° 
degrees  deflected  from  the  base  line  to  the  flag- 
staff at  B,  on  the  left,  will  bisect  it,  which  note  in 
your  field-book  by  an  oblique  line  to  the  left,  ma- 
king an  angle  as  near  45°  as  the  eye  can  judge  ;  at 
9.30  half  a  right  angle  to  the  right  will  cut  a  pole 
at  G,  and  at  12.00  came  the  fence  ;  at  13.20  half 

C.    L. 

a  right  angle  will  cut  C,  and  at  19.15  you  find  a 
right  angle  will  intersect  H.     Now  it  is  evident 

C.      L. 

that  you  are  19.15  distant  from  H,  for  H  19.15.  L 
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is  an  isosceles  triangle,  and  .*.  you  mark  19.15  on 
the  perpendicular.     The  next  perpendicular  is  at 


20,  and  the  half  right  angle  having  been  taken  at 

c. 

5  on  the  chain  line,  20 — 5=15=the  distance  to  B. 

0.       L. 

Again  at  32.35  you  find  half  a  right  angle  bisects 
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the  pole  at  D,  and  at  33.20  a  right  angle  inter- 

c.   L. 
sects  at  G,  and  33.20— 9.30-=30.40=the  length  of 

the  perpendicular  which  set  on  it.  At  34.20  you 
find  the  next  perpendicular  on  the  left  to  0,  and 
the  one-half  right  angle  having  been  taken  at  13. 
20  .-.  34.20— 13.20=21.o''o  the  distance  to  C  ;  pro- 
ceeding in  this  way  you  have  43.35 — 32.35=11 
chains  to  D,  and  51.30— 35,40=15.40=the  dis- 
tance to  M,  and  57.40—38.30=19.10  to  F,  and 
60— 5T.40=2.10=the  perpendicular  of  the  last  A 
within  the  fence  on  the  right  and  62.30—60=2.30= 
the  perpendicular  without  the  fence  ;  also,  62.30 — 
41=21. 30=the  distance  to  E,  which  A  is  to  be 
ducted  out  of  the  area  of  the  last  trapezoid  on  the 
left.  Thus  you  have  found  with  very  little  trouble 
all  the  requisites  for  calculating  the  area  of  the 
land,  and  it  may  be  remarked,  that  you  might  have 
commenced  at  the  corner  B  and  noted  where  the 
two  perpendiculars  fell  at  19.15  and  20  and  as  you 
proceeded  on  your  base  line  take  back  sights  at 
the  proper  distances  to  intersect  the  poles  at  B  and 
H,  and  the  distances  from  where  the  perpendicu- 
lars would  fall  to  these  several  points  would  be  the 
chains  and  links  to  be  placed  thereon.     The  dis- 
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tances  all  round  the  land,  can  be  accurately  found, 
for  in  the  present  case  n/(A  a^)+(a  H")=  A  H, 
and  r  Gr,  and  r  H  being  given  V{r  G^)+(r  IP)=H  Gl- 
and so  on  all  round  the  land,  and  seeing  that  the 
courses  of  A  a  and  a  H  are  given,  the  course  of  A 
H  may  be  readily  found,  for  having  the  distance 
and  difference  of  latitude  and  departure,  the  course 
is  given  in  the  tables ;  also,  the  internal  angles 
can  be  easily  found,  for  in  the  ^  A  a  H  A  a  : 
Ead.  :  :  a  H  :  tang't  a  A  H,  and  so  with  the  A 
B  b  A.  Hence,  the  angle  B  A  H,  is  known,  and 
it  is  evident  the  same  holds  good  all  round  the 
land,  the  bases  and  perpendiculars  of  all  the 
right  angled  triangles  being  found  from  the  base 
line  and  can  be  marked  on  the  sketch  as  the  sur- 
veyor proceeds.  The  same  may  be  done  with  a 
good  compass,  for  having  the  course  of  the  base 
line,  the  courses  of  the  normals  to  right  and  left 
are  known,  and  the  course  of  J  a  right  angle  being 
once  ascertained  on  the  right  and  left  of  the  base 
will  always  serve  to  find  the  points  on  the  base 
where  they  are  to  be  taken ;  but  this  would  require 
many  trials  and  waste  time,  whereas,  an  instru- 
ment showing  J  a  right  angle  will  save  much  time. 
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Thus,  in  a  plane  country,  the  scientific  reader  will 
acknowledge  the  plan  completely  available,  and 
the  surveyor  can  calculate  the  content  of  the  land 
on  the  margin  of  his  book  while  his  needle  is  set- 
tling, and  be  able  to  answer  the  farmer  satisfac- 
torily, who  thinks  a  surveyor  should  be  able  to  tell 
the  content  the  moment  he  has  the  last  distance 
measured. 

The  plotting  and  calculation  of  a  survey  taken 
on  the  above  plan  is  so  obvious  as  to  require  no 
explanation,  seeing  all  the  figures  are  either  right 
angled  triangles  or  trapezoids,  to  find  the  area  of 
which  is  shown  in  figure  12th. 

29th.  The  most  correct  method  of  correcting 
the  difierence  of  latitude  and  departure  in  surveys 
taken  with  the  compass,  to  fit  them  for  calculation, 
some  authors  divide  the  difi"erences  proportionally 
among  all  the  stations ;  but  as  there  may  be  some 
stations  in  a  survey  really  correct,  any  alteration 
in  them  would  make  them  incorrect,  so  that  the 
altering  of  the  legs  of  stations  in  surveys  where 
land  is  of  great  value,  is  a  matter  of  considerable 
importance. 
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Problem. 

To  find  what  may  be  the  error  in  the  difference  of  latitude 
and  departure  of  a  given  station  arising  from  the  inacu- 
racy  of  practice : 

Let  the  right  angled  triangle  A  B  D,  fig.  18th, 
represent  a  station  "with  its  difference  of  latitude 
and  departure;  if  the  angle  A  be  the  bearing,  then 
will  the  leg  A  D,  be  the  difference  of  latitude,  and 
the  leg  B  D,  the  departure ;  but  if  the  angle  at  B 
be  the  bearing,  then  will  the  leg  B  D,  be  the  differ- 
ence of  latitude,  and  D  A  the  departure.  Let  the 
small  angle  B  A  b  represent  the  error  committed 
in  taking  the  bearing,  which  may  amount  7|-  min- 
utes, and  the  small  part  B  e  or  E  b,  the  error  com- 
mitted in  chaining,  in  proportion  to  the  whole  line 
AB,  or  A  e,  as  0.5  is  to  5.00,  (for  in  measuring  the 
6 
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length  of  lines,  there  may  be  an  error  committed 
of  half  a  link  in  10  chains ;  (this  is  found  by  expe- 
rience), and  let  e  a,  b  d,  and  E  c  be  drawn  parallel 
to  B  D,  and  B  n  o,  and  res,  parallel  to  D  A. 

Case  1st.  Suppose  A  B  to  be  the  true  bearing 
and  length  of  a  station,  and  A  b  the  one  found  by 
observation.  Now  it  is  plain  that  instead  of  the 
triangle  A  B  D,  we  shall  have  by  observation  the 
triangle  A  b  d,  so  that  there  is  an  error  of  the 
quantity  n  b,  by  which  the  leg  B  D  is  increased, 
and  an  error  of  the  quantity  B  n,  by  which  the  leg 
A  D  is  decreased,  and  the  contrary  may  be  sup- 
posed, if  A  b  be  the  true  distance  and  bearing  and 
A  B  that  found  by  observation;  but  when  the 
angle  at  A  is  very  small,  D  d  may  be  supposed 
equal  to  (0). 

Case  2d.  Suppose  the  true  length  and  bearing 
of  a  station  to  be  A  e,  and  that  found  by  measur- 
ment  to  be  A  B  the  bearing  exact.  Now  it  is 
plain  that  the  leg  e  a  is  increased  by  the  error 
r  B,  and  that  the  leg  A  a,  is  increased  by  the  error 
r  e  or  a  D,  and  the  quantities  or  errors  by  which 
each  leg  is  increased  are  in  proportion  to  the  legs 
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themselves,  that  is,  B  r  :  e  a  :  :  r  e  :  A  a,  and  as 
B  e  is  to  A  e. 

Case  Sd.  Suppose  A  e  the  true  bearing  and 
length  of  a  station,  and  A  b  the  same,  found  by 
observation.  This  supposes  a  compound  error  both 
in  chaining  and  bearing,  and  that  the  error  in  the 
bearing  increases  the  smallest  angle  in  respect  of 
the  bearing  and  its  complement.  Here  we  see 
that  when  the  leg  A  a  is  increased  to  A  D  by  the 
error  in  chaining,  as  in  the  last  case,  it  shall,  at  the 
same  time,  be  brought  back  to  A  d  by  the  error  in 
the  bearing,  as  in  case  1st.  Therefore,  the  leg  A  a 
will  be  increased  by  the  quantity  r  e — B  n,  or  de- 
creased by  the  quantity  B  n — r  e;  but  r  e  is 
greater  than  B  n,  when  the  angle  at  A  is,  small ; 
and  B  n  is  greater  than  r  e,  when  the  angle  is 
near  45°;  for  they  become  equal  when  the  angle 
is  about  25°;  but  at  the  same  time  the  leg  e  a  will 
be  increased  to  d  b,  by  the  error  b  S=b  n+B  r. 

Case  4th.  Suppose  A  E  the  true  distance  and 
bearing,  and  A  B  that  found  by  observation  ;  this 
supposes  the  error  in  the  bearing  to  decrease  the 
smallest  angle.  Now  it  is  evident  that  the  longer 
leg  A  c  is  increased  by  the  error  B  o  or  D  c,  and 
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the  shorter  leg  decreased  by  the  error  E  o.  But 
B  o=B  n+r  e  (for  r  e=ii  o)  and  E  o=b  n — B  r. 
These  errors  are  easily  found  in  numbers  by  con- 
sidering the  figure,  and  that  they  are  always  pro- 
portional to  the  length  of  the  stations. 

Here  follows  a  table  of  errors  in  links  and  deci- 
mals, calculated  for  a  station  of  30  two  pole 
chains,  and  for  the  different  angles  and  their  com- 
plements, under  which  they  are  placed,  but  which 
can  be  changed  to  any  other  length,  by  altering 
them  in  the  same  proportion  as  are  the  stations. 


BAb=i°error 
in  bearing. 

88 

?2 

78 

23 
67 

32 

58 

42 

48 

45 

B  e  1.5  links  error  in  chain- 
ing. 

bn= 
Bn= 

3.2 
0.0 

3.1 
0.7 

3.0 
1.4 

2.8 
1.7 

2.2 

2.3 
2.3 

Error  in  short  Leg.  ]  Case 
Error  in  long  Leg.  J    1st. 

Br= 
r   e= 

0.0 
1.5 

0.3 
1.5 

0.6 
1.4 

0.8 
1.3 

1.0 
1.1 

1.0 
1.0 

Error  in  short  Leg.  ]  Case 
Error  in  long  Leg.  J    2d. 

bs=(bn4-Br) 
ad=(Bn^re) 

3.2 
1.5 

3.4 
0.8 

3.6 
0.0 

3.6 
0.4 

3.4 
1.1 

3.3 
1.3 

Error  in  short  Leg.  )  Case 
Error  in  long  Leg.  J    3d. 

Eo=(bn-B  r) 
B  o==(Bn+r  e) 

3.2 
1.5 

2.8 
2.2 

2.4 

2.8 

2.0 
3.0 

1.4 
3.3 

1.3 
3.3 

Error  in  short  Leg.  1  Case 
Error  in  long  Leg.  J    4th. 

CORROLLARY. 

Hence  we  may  adopt  the  following  rules  for 
altering  the  legs  of  stations  in  the  correcting  of 
surveys : 
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Rule  First. 
When  the  course,  or  angle,  is  either  great  or 
small ;  or  when  the  difference  of  latitude  and  de- 
parture are  found  in  the  beginning  of  the  tables, 
then  the  shortest  leg  may  be  increased  or  decreased 
by  any  quantity  not  greater  than  3.2  links,  and 
the  longest  leg  increased  by  any  quantity  not 
greater  than  1.5  links. 

Rule  Second. 

When  the  latitude  and  departure  are  found  about 
the  [middle  of  the  tables,  or  when  the  angle  is 
about  20°  under  or  over  45°,  then  the  shortest 
leg  may  be  increased  by  any  quantity  not  greater 
than  3.6,  or  rather  4  links,  and  the  longest  leg 
left  unaltered,  which  is,  when  the  error  in  the 
bearing  increases  the  angle  opposite  the  smallest 
side ;  but  when  contrary,  the  longer  leg  may  be 
increased  by  any  quantity  not  greater  than  3 
links,  and  the  shorter  leg  decreased  by  2  links. 
Rule  Third. 

When  the  difference  of  latitude  and  departure 
are  found  in  the  latter  part  of  the  tables,  or  when 
the  bearing  is  about  45°,  then  either  of  the  legs 
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(they  being  nearly  equal)  may  be  increased  or  de- 
creased by  any  quantity  not  greater  than  3  links, 
and  the  other  leg  by  1.4  links,  but  when  one  leg  is 
increased  the  other  must  be  decreased. 

These  rules  are  on  the  supposition  that  the 
chaining  is  always  too  long,  which,  in  practice,  I 
have  nearly  always  found  to  be  the  case  ;  but  when 
a  surveyor  has  reason  to  think  otherwise,  he  may 
alter  the  rules  to  his  opinion,  not  only  in  respect 
to  this,  but  also  relative  to  the  quantity  of  the 
errors. 

A  description  of  an  instrument  by  which  any  person,  though 
unskilled  in  surveying,  may  measure  a  map,  or  part  of  a 
map,  almost  at  one  view : 

Get  a  piece  of  good  glass  about  8  or  9  inches 
long,  and  6  or  7  inches  broad,  and  divide  it  into 
small  oblong  rectangles  of  eight-tenths  of  an  inch 
by  5  five-tenths,  as  fig.  19th.  By  laying  this  in- 
strument (which  I  call  a  computor)  on  a  map  you 
can  tell  with  very  few  figures,  sometimes  with  the 
eye  only,  how  many  of  the  rectangles  are  con- 
tained in  the  map,  and  consequently,  how  many 
acres.  When  the  map  is  laid  down  by  a  scale  of 
20  perches  to  an  inch,  then  each  rectangle  will  be 
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16  perches  by  10,  or  one  acre ;  and  if  the  map  be 
40  perches  to  an  inch,  then  each  rectangle  will  be 
32  perches  by  20,  or  4  acres ;  and  if  by  80  per- 
ches to  an  inch,  then  each  rectan- 
gle will  contain  16  acres.  This 
instrument  would  be  useful  to 
gentlemen  and  others  not  very 
well  skilled  in  surveying,  to 
measuriB  a  map,  or  part  of  a 
map  that  they  wished  to  know 
the  content  of  nearly.  It  is 
easily   used.     The    sides   of  the  ^^s- 19. 

glass  must  be  made  to  coincide  with  as  many  of 
the  lines  on  the  map  as  possible,  and  the  broken 
squares  can  be  estimated  by  the  eye,  or  a  square 
inch  horn. 


Description  and  design  of  a  new  instrument  by  wliicli  dis- 
tances can  be  found  at  once,  without  any  calculation ; 

Let  a  brass  semi-circle  (fig.  26)  of  about  9  inches 
radius,  have  its  inner  edge  or  limb,  divided  into 
90  equal  parts,  beginning  at  N  and  counting  up- 
wards 10,  20,  30,  &c.,  to  90  at  Z,  and  each  of 
these  divisions  subdivided  into  6  equal  parts.     Let 
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the  outer  limb  be  divided  into  degrees  and  6th 
parts  of  a  degree,  marking  the  degrees  from  the 
middle  of  the  limb,  both  ways,  10,  20,  30,  &c., 
to  90  at  N  and  Z.  Let  also,  the  middle  space  be- 
tween the  outer  and  inner  limbs,  be  marked  from 
Z  to  N,  10,  20,  30,  40,  &c.,  to  180  at  K 

Let  this  semi-circle  be  fixed  to  the  middle  of  a 
box  ruler  B  D,  about  S^  feet  long,  an  inch  and  a 
half  broad,  and  of  a  convenient  thickness.  The 
inner  breadth  of  half  this  rule  must  be  level  with 
the  surface  of  the  semi-circle,  but  the  outer  half 
must  be  higher  about  two-tenths  of  an  inch.  On 
the  outer  half  there  must  be  fixed  a  thin  brass 
scale  of  an  equal  length  and  breadth  with  the  box 
ruler,  the  breadth  of  which  scale  is  to  be  divided, 
by  lines  drawn  from  end  to  end,  into  three  equal 
parts,  and  the  length  into  inches,  half  inches,  and 
tenth  of  an  inch ;  the  inches  are  to  be  drawn  di- 
rectly across  the  whole  breadth,  and  marked  1,  2, 
3,  4,  &c.,  both  ways  to  B  and  D ;  the  half  inches 
are  to  be  drawn  across  the  middle  and  innermost 
third,  and  the  lOths  only  across  the  inner  third. 
Let  there  be  on  one  end  of  this  scale  an  inch,  and 
on  the  other  end  half  an  inch,  each  divided  very 
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exactly  into  10  equal  parts  diagonally,  that  the 
lOths  and  centesms  which  may  happen  in  the 
operations,  on  the  square  and  indices  hereafter  to 
be  described,  may  be  exactly  measured  on  them  by 
a  pair  of  dividers.  The  reason  for  raising  the 
outer  half  of  the  box  ruler  above  the  inner  half 
two-tenths  of  an  inch,  is  to  make  room  for  the  in- 
dices A  b  and  A  d,  which  are  to  be  fixed  to  the 
centre  of  the  semi-circle,  and  there  to  open  and 
shut  as  occasion  requires,  like  the  legs  of  a  sector. 
Those  indices  are  about  26  inches  long,  three- 
fourths  of  an  inch  broad,  and  about  two-tenths 
thick;  their  breadth  is  to  be  divided  into  three 
equal  parts,  and  their  length  into  inches,  half 
inches,  and  tenths,  as  the  brass  scale  before  men- 
tioned. The  inches  are  to  be  marked  from  the 
center  A,  with  1,  2,  3,  4,  &c.,  to  b  and  d,  and  the 
tenths  drawn  across  the  inner  third.  Each  of 
those  indices  must  have  a  small  screw  nut  with  a 
pin  or  bit  of  wire  upon  it,  which  pin  may,  by  the 
screw  nut,  be  fixed  exactly  to  any  division  on  them 
in  order  to  suspend  the  label,  or  ruler  T  Y,  which 
has  a  thin  piece  of  brass  with  a  small  hole  in  it, 
exactly  fitting  the  aforesaid  pin,  and  is  to  be  fixed 
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also  to  any  division  of  the  ruler,  as  occasion  re- 
quires. Let  this  label,  or  ruler,  be  about  two  feet 
long,  and  of  the  same  breadth  and  thickness  as  the 
indices  A  b  and  A  d,  and  divided  after  the  same 
manner  as  they  are,  only  the  tenths  are  to  be 
drawn  across  the  inner  edge,  as  well  as  across  the 
inner  third  of  the  breadth,  and  the  inches  are  to 
be  marked  1,  2,  3,  4,  &c.,  from  C  to  T  and  Y, 
making  C  T  eighteen  inches,  and  C  Y  six.  The 
like  divisions  are  to  be  made  on  the  side  of  the 
square  K  X,  beginning  at  the  inner  edge  of  the 
brass  ruler  at  K,  marking  the  full  inches  on  the 
upper  side,  1,  2,  3,  4,  &c.,  to  24 ;  the  tenths  are 
to  be  drawn  across  the  upper  third  and  the  upper 
edge.  Let  this  instrument  be  fixed  on  a  tripod 
with  a  ball  and  socket  like  those  of  a  common  sur- 
veying instrument,  but  very  strong,  in  order  to 
have  it  very  firm ;  and  let  there  be  sights  which 
may,  as  occasion  requires,  be  fixed  on  the  diame- 
ter, indices,  and  ruler  T  Y,  of  the  the  same  kind 
with  those  of  a  surveying  instrument. 

N.  B.  The  ball  and  socket  must  not  be  fixed 
exactly  under  the  center  of  the  semi-circle,  but  some 
distance  from  it,  on  the  cross-bar  which  goes  from 
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the  center  to  the  middle  of  the  limb,  as  -well  to  sup- 
port the  head  of  the  instrument  more  easily  by  be- 
ing nearer  its  center  of  gravity,  as  to  make  room 
for  an  air  level,  which  must  be  fixed  exactly  under 
the  diameter  or  ruler  A  B,  so  that  when  the  semi- 
circle is  turned  vertically  the  diameter  may  be 
fixed  horizontally. 
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The  use  of  the  Instrument  in  measuring  distances : 
Example. 

Let  it  be  required  to  find  the  distance  from  the 
house  at  A  to  the  castle,  (fig.  27)  or  to  any  part 
thereof,  as  the  weather-cock  on  the  top  of  the 
spire  at  C. 

Having  set  up  your  instrument  at  A,  turn  it 
about  till  through  the  sights  on  the  diameter,  you 
see  a  mark  set  up  at  B,  and  having  fixed  the  di- 
ameter in  that  position,  turn  the  moving  index  till 
through  the  narrow  slit  of  a  small  sight  fixed  on 
the  center,  you  see  the  hair  in  the  other  sight  cut 
the  spire  at  C,  then  fixing  the  index  in  that  posi- 
tion to  the  limb  of  the  semi-circle,  measure  with  a 
four  pole  chain  in  a  straight  line  from  A  to  B ; 
and  having  marked  the  chains  and  links  of  that 
distance  on  the  diameter  and  placed  the  ruler  with 
the  sights  on  it  exactly  to  that  distance,  by  means 
of  the  small  pin  and  hole  mentioned  before,  set  up 
your  instrument  at  the  end  of  the  distance  you 
measured  (which  you  may  make  full  chains  if  you 
please)  and  turn  it  about  till  through  the  sights  on 
the  diameter  you  see  a  pole  at  the  first  station  A, 
and  having  fixed  it  in  that  position,  turn  the  ruler 
on  the  pin  which  is  fixed  at  the  former  distance  on 
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the  diameter,  till  through  the  sights  on  it  you  see 
the  vane  at  C  ;  then  will  the  part  of  the  index  a  c, 
cut  by  the  inner  edge  of  the  ruler,  give  the  dis- 
tance A  C  from  the  house  to  the  spire  at  C,  which 
was  to  be  found ;  and  if  there  be  occasion,  the  dis- 
tance from  the  mark  at  B  to  the  spire  will  be  found 
on  the  ruler  at  the  intersection  of  the  index ;  all 
of  which  is  plain  from  the  similarity  of  the  trian- 
gles ABC  and  a.  pin.  c,  or  that  formed  by  the 
diameter,  index,  and  ruler,  from  Cor.  1st  4  Euc. 
Book  6th.  Thus  the  surveyor  can  find  the  distance 
of  any  or  all  the  particular  objects  he  can  see  and 
may  wish  to  set  down  in  his  map,  and  by  turning 
the  instrument  vertically  by  means  of  a  notch  in 
the  socket,  inaccessible  heigths  can,  in  like  manner, 
be  readily  ascertained  in  the  same  manner. 

Example  in  Measuring  Distance. 

Let  it  be  required  to  find  the  distance  from  the 
house  at  A  to  the  castle,  (fig.  27)  or  to  any  part 
thereof,  as  the  weather-cock  at  the  top  of  the  spire 
at  C. 

Having  set  up  your  instrument  at  A,  turn  it 
about  till  through  the  sights  on  the  diameter,  you 
see  a  pole  at  B,  and  having  fixed  the  diameter  in 
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that  position,  turn  the  moving  index  till  through 
the  narrow  slit  of  a  small  sight  fixed  on  the  center, 
you  see  the  hair  in  the  other  sight  cut  the  spire  at 
C ;  then  fix  the  index  in  that  position  to  the  limb 
of  the  semi-circle  and  measure  with  your  chain  of 
100  links  in  a  straight  line  from  A  to  B,  which 
mark  on  the  diameter,  and  place  the  ruler,  having 
the  sights  on  it  exactly  on  that  distance  by  means 
of  the  small  pin  and  hole  before  mentioned ;  set 
up  the  instrument  at  the  end  of  the  measured  dis- 
tance, and  turn  it  about  till  through  the  sights  on 


Pig.  27. 

the  diameter  you  bisect  the  pole  at  A,  and  having 
fixed  it  in  that  position,  turn  the  ruler  on  the  pin 
which  is  fixed  at  the  former  distance  on  the  diame- 
ter, till  through  the  sights  you  see  the  vane  at  C ; 
then  will  the  part  of  the  index,  a  c,  cut  by  the  in- 
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ner  edge  of  the  ruler,  give  the  distance  A  C  from 
the  house  to  the  spire  at  C. 

And  in  like  manner  by  directing  the  ruler  to 
any  other  objects  from  A,  and  noting  the  degrees 
cut  by  the  ruler  on  the  limb,  and  directing  from 
B  to  each  object,  the  distance  from  A  vrillbe  shown 
as  before  explained,  and  thus  the  surveyor  fur- 
nished with  such  an  instrument,  can  from  the  end 
of  his  first  station,  tell  the  length  of  his  diagonals 
to  as  many  corners  as  he  can  see  from  that  point. 
Also,  by  turning  the  instrument  vertically,  heights 
can  be  determined  in  the  same  manner. 

I  would  recommend  the  surveyor  to  use  a  com- 
pass, having  the  limb  divided  into  360°,  and  the 
bottom  of  the  box  into  four  90's ;  then  in  taking 
the  courses,  if  N.  W.,  the  limb  and  quarter  com- 
pass are  the  same ;  but  if  in  the  S.  W.  quarter, 
the  sum  of  the  degrees  on  the  limb  and  quarter 
compass  are  180° ;  and  in  S.  E.  quarter,  the  dif- 
ference of  the  degrees  on  the  limb  and  quarter 
compass  make  180° ;  lastly,  if  in  the  N.  E.  quar- 
ter, the  sum  of  the  quarter  compass  and  limb 
make  360.  A  surveyor  should  prove  all  his  courses 
by  this  rule  before  he  quits  his  instrument. 
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Problem. 
Given  the  bearings  of  any  two  stations  of  a 
survey,  thence  to  determine  the  angle  made  by 
those  stations.  Rule — Deduct  the  preceding  bear- 
ing from  the  succeeding,  according  as  the  remain- 
der is  greater  or  less  than  180°.  Add — or+180° 
(as  the  case  may  be)  and  you  have  the  required 
angle. 

N.  B.  The  angle  found  by  the  above  rule  will 
be  internal  if  the  polygon  lie  towards  the  right 
hand  in  the  traverse ;  and  external,  if  toward  the 

left. 

Example  First. 
Required  the  several  angles  of  the  polygon 
A  B  C  D  E  F  G,  the  courses  of  the  sides  being,  viz  : 


Kg.  28. 


1 

A  B  2691° 

or 

S.  E. 

891 

2 

B  C  2511 

or 

S.  E. 

711 

3 

C  D  252f 

or 

S.  E. 

72| 

4 

D  E  162^ 

or 

s.  w. 

in 

5 

E  F    77| 

or 

N.W. 

77f 

6 

FG    30| 

or 

N.W. 

30^ 

7 

GA      5f 

or 

N.W. 

5f 
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From   2511  From     77| 

take     269J  take     162^ 

—18  —841 

+180  +180 

Sum     162=Ang.  ABC.  Sum     95i=Z.  DBF 

From   252|  From     30| 

take     2511  take       77f 

+li  —47 

+180  +180 

Sum    1811=/.  BCD.     Sum  133=/:  E  F  G 

From   162i  From       5| 

take     252|  take       30| 

—901  _25 

+180  +180 

Sum       891=  A  C  D  E.     Sum  155=/.  F  G  A 

From   2691 
take  5| 

Rem.   2631 
—180 

Sum 

Now  180°  multiplied  by  the  number  of  sides 
6* 
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any  polygon  minus  360°,  equals  the  sum  of  the  in- 
ternal angles  .-.  180X7=  160  and  1260—360=900 
So  83|+162+181i+89J+95i+133+155=900°. 
Proof. 

Next.  Having  the  bearing  of  any  station  and 
all  the  internal  angles  of  any  polygon,  thence  to 
determine  the  courses  of  each  of  the  other  stations 
in  the  regular  order  of  succession,  viz :  the  land 
lying  to  the  right  hand  as  you  surround  it.  Rule  : 
According  as  the  given  angle  is+or — than  180°  ; 
add  the  preceding  bearing,  succeeding  angle,  and 
+or — 180°  (as  the  case  may  be ;)  their  sum  will  be 
the  succeeding  bearing  or  course. 

Note. — It  sometimes  happens  that  the  result 
will  be  more  than  360°  ;  in  this  case  take  360° 
from  it  and  the  remainder  will  be  the  course  of  the 
succeeding  station. 

Example. 

Take  the  course  of  A  B  269i  or  S.  89i  E,  in  the 
preceding  figure,  and  the  angles  as  there  found, 
viz : 
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269^  162i 

162  95J 

+180  +180       ^ 

611J  4371 

Deduct  360  360 

Cou.  of  B  C  251|  or  S  TIJ  E.  Cou.  of  E  F  77|  or  N  77f  "W 

251i  77f 

ISli  133 

--180  +180 

Cou.  of  C  D  252f  or  S  72$  E.  390f 


252f 


360 


fj  Cou.  of  F  G    30|  or  N  30|  W 


+180 

30| 

522i  155 

Deduct          360  +180 

Cou.  of  D  E  162i  or  S  17|  W.  365f 

360 

Cou.  of  G  A     5forN.5|W. 

5f 
83f 
+180 

Cou.  of  A  B  269  J  or  S  89  J  E. 

being  the'  same  as  that  given  ;  therefore,  a  proof 
of  the  correctness  of  the  work.  And  thus  the  sur- 
veyor has  a  sure  method  of  avoiding  the  inconve- 
nience of  the  needle  being  drawn  from  its  true 
position  by  mines  or  other  causes,  and  also  correct 
the   diurnal  variation ;  for  no  matter  how  much 
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the  needle  may  be  attracted  at  any  station,  the 
angle  will  be  correct  by  taking  a  back  and  fore 
sight  at  every  station,  and  having  the  true  course 
of  the  first  station.  All  the  others  can  be  found 
by  the  foregoing  rules.  And  to  know  if  any  at- 
traction exists  at  the  first  station,  take  a  course  in 
a  different  direction  from  your  chain  line ;  go  to 
the  object  bisected,  or  to  some  convenient  distance 
in  that  direction,  and  take  a  back  sight ;  if  that 
agree  with  the  fore  sight,  you  may  safely  conclude 
that  no  attraction  exists  at  either ;  but  should  it 
differ,  make  trial  in  some  other  direction,  in  like 
manner,  till  you  find  what  station  the  attraction  is 
in ;  but  by  using  a  good  theodolite  all  such  trouble 
is  avoided. 

In  every  survey  that  is  truly  taken,  the  sum  of 
the  Northings  is  equal  to  the  sum  of  the  Southings, 
and  the  sum  of  the  Eastings  to  the  sum  of  the 
"Westings. 

Let  a  b  c  e  f  g  h  represent  a  plot  or  parcel  of 
land ;  let  a  be  the  first  station,  b  the  second,  c  the 
third,  and  so  on.  Let  N  S  be  a  meridian  line,  then 
will  all  lines  parallel  thereto,  which  pass  through  the 
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y         c  4 

several  stations,  be  aj 
meridians  also,  as  a  o, 
b  s,  c  d,  &c.,  and  the 
lines  b  0,  c  s,  d  e, 
&c.,  perpendiculars 
to  these,  will  be  east 
or  west  lines  or  de-  n"T 
parture.  The  northings  e  i+g  o+h  g=a  o+b  s+ 
c  d+f  r,  the  southings ;  for  let  the  figure  be  com- 
pleted, then  it  is  plain  that  g  o+h  g+r  k=a  o+ 
b  s+c  d  and  e  i — r  k=f  r;  if  to  the  former  part 
of  this  first  equation  e  i— r  k,  be  added,  and  f  r 
to  the  latter,  then  g  o+h  g+e  i=a  o+b  s+c  d+f  r ; 
that  is,  the  sum  of  the  northing  is  equal  to  the  sum 
of  the  southings. 

The  eastings  c  s+q  a=o  b+d  e+i  f+r  g+o  h, 
the  westings  for  a  q+y  o  (a  z)=d  e+i  f+r  g+o  h, 
and  h  o=c  s — y  o.  If  to  the  former  part  of  this 
first  equation  c  s — y  o,  be  added,  and  b  o  to  the 
latter,  then  c  s+a  q=o  h+d  e+i  f+r  g+o  h  ;  that 
is,  the  sum  of  the  eastings  is  equal  to  the  sum  of 
the  westings. 

Now,  as  there  is  many  methods  of  calculation, 
and  every  man  chooses  one  in  preference  to  all 
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others,  I  shall  here  show  the  method  which  I  have 
always  practiced,  being,  I  think,  least  liable  to 
mistakes,  although  not  the  shortest,  as  shall  be 
hereafter  shown. 


1^ 
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In  the  above  method  the  northings  and  south- 
ings, eastings  and  westings,  being  corrected  by  the 
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foregoing  rules,  set  the  sum  of  the  northings,  or 
southings  at  the  top  of  the  column  titled  latitude, 
then  continually  add  the  northings  and  subtract 
the  southings,  or  add  the  southings  and  subtract 
the  northings,  and  the  last  number  will  always  be 
the  same  as  the  first,  which  is  a  proof  of  so  much 
of  the  work.  Then  add  the  first  and  last  latitudes 
together,  and  place  their  sum  opposite  to  the  first 
station  in  the  column  under  latitudes,  added,  and  so 
continue  to  add  every  two  adjoining  latitudes,  and 
place  their  sum  in  a  line  with  the  latter,  then  mul- 
tiply each  of  these  numbers  by  the  particular 
easting  or  westing  belonging  to  that  station,  and 
place  the  product  in  the  column  of  east  or  west 
area,  as  the  case  may  be,  and  the  difference  of 
these  two  columns  divided  by  two,  will  be  the  con- 
tent of  the  survey.  In  this  method  there  is  no 
danger  of  making  mistakes  from  indirect  stations, 
and  by  using  the  eastings,  and  westings,  in  the  same 
manner  as  you  did  the  northings,  and  the  south- 
ings, you  can  prove  the  work,  and  find  the  area 
four  different  ways. 
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ANOTHER   METHOD,  WHEREIN   FEWER  FIGURES  ARE 
USED,  NEVER  BEFORE  PUBLISHED : 

The  Eastings  and  Westings,  Northings  and  South- 
ings, are  here  corrected  according  to  the  foregoing 
rules,  and  placed  as  usual,  as  follows : 

CALCULATION  OF  THE  NOTES  ON  THE  SUCCEEDING 
PAGE. 


1               1           1          1  Lata.  IDoub.  Semi  1           1           1 
N.      1      S.      |li.  N.|L.S.  1  added.  1  Eectangle.l    E.   1    W.    1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

I 

2.76 
4.44 
0.77 
4.38 

2.76 
7.20 

5.15 
4.38 
0.00 
2.60 
2.96 
6.31 

...... 

2.76 
9.96 
9.53 
4.38 
2.60 
6.56 
9.27 
8.74 
3.29 
1.58 
4.51 
5.29 
1.77 

+4.4712 
+11.9520 
+  20.5848 
—  1.9272 
14.3520 
—10.3416 

1.62 
1.20 

0.44 

1*86 

Bx.E 
2.16 

'6.38 
'l.34 

15.40 

Ex.  S. 
2.60 
0.36 
3.35 
3.34 
2.11 

Indirect. 

6.04 
2.70 
0.59 
0.99 
3.52 
1.77 
0.00 

+59.1426 
+  17  4800 

Ex.W 
9  nn 

'"o.'io 

2.53 

—4.4086  

+5.6564    3.58 
+5.4120    1.20 

Indirect 

1.75 
1.77 

+5.0784 
+4.4958 

0.96 
2.54 

15.40 

Ex.  N. 

15.28 
)ouble  t 

15.28 
le  sum 

)f  th 

aindi 

rect, 

165.3026 
33.3548 

131.9478 

65.9739  Angular.spaces. 
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11.76  Parallel  breadth. 
12.35  Meridianal  breadth. 


5880 
3528 
2352 
1176 

145.2360  Content  of 
65.9739 

parallelogram. 

7,9.2621 
4 

3.70484 
40 

28.19360 

A.R.  P. 

7.3.28.19,  the  same  as  on  nest  page. 

Nl 
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The  foregoing  plot  and  calculation  may  not  be 
unacceptable  to  the  reader,  being  as  complicated  a 
figure  as  could  be  easily  met  with. 

A  new  and  concise  method  of  Calculation,  wherein  fewer 
figures  are  used  than  in  the  common  methods : 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

"i'eo 

0.36 
3.35 
3.34 
2.11 

"l."75 
1.77 

S. 

2.76 
4.44 
0.77 
4.38 

E. 

1.62 

1.20 

"6.44 

W. 

M.  D. 
162 

D.  D. 

Area. 

Deduction. 

"2.I6 

"s.'si 
"e.'ss 
"i'.u 

3.24  E. 
4.44  E. 
2.28  E. 
2.72  E. 
2.80  W. 
0.94  W. 
7.32  W. 
5.32  W. 
6.66  W. 
3.08  W. 
1.88  W. 
0.92  W. 
1  62  E 

4.86  E. 

7.68  E. 

6.72  E. 

5.00  E. 

0.08  W. 

3.74  W. 

8.26  W. 
12.64  W. 
11.98  W. 

9.74  W. 

4.96  W. 

2.80  W. 

0.70  E. 

13.4136 
34.0992 

5.1744 

21.9000 

2080 

1.3464 
27.6710 
42.2176 
25.2778 

1.86 

"o!40 
2.53 

2.00 

"■3.58 
1.20 
0.96 
2.54 

3.8960 

12.5488 

4.9000 



1.2390 

15.28  15.28  15.40  15.40 


17.6838 


A.  R.    r. 

7   3  28.19 


2,0)15,8.5242 

7,9.2621 
4 


3,7.0484 
40 


This  method  may  be  called  a  compound  of 
Burgh's  and  Gibson's,  without  being  intimately 
connected  with  either.  It  allows  the  first  meridian 
to  pass  at  any  distance  from  the  first  station  not 
less  than  the  first  latitude  or  first  departure. 
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This  example  supposes  the  first  meridian  to  pass 
at  the  distance  of  the  first  Easting  from  the  first 
station  of  the  survey,  and  the  M.  D.  column  is 
completed  by  one  single  addition  of  the  Eastings, 
or  one  single  subtraction  of  the  Westings,  to  or 
from  each  preceding  one,  agreeably  to  the  nature 
of  the  signs.  The  D.  D.,  or  double  distance  col- 
umn, is  completed  by  adding  the  first  and  last, 
and  placing  their  sum  in  a  line  with  the  first  East- 
ing or  Westing,  and  then  adding  every  two  ac- 
cording to  the  signs,  and  placing  their  sum  in  a 
line  with  the  latter,  marking  E.  or  W.  as  the  case 
may  be.  Then  the  Eastings  X  by  the  Southings, 
and  the  Westings  X  by  the  Northings,  must  be  put 
into  the  area  column ;  but,  the  Westings  X  by  the 
Southings,  and  the  Eastings  X  by  the  Northings, 
must  be  put  into  the  deduction  column,  the  diflfer- 
ence  is  double  the  area  of  the  survey. 

The  following  is  a  method  of  calculation  first 
published  by  Noble,  the  inventor,  and  is  a  very 
superior  plan  when  well  understood,  but  requires 
considerable  attention  to  distinguish  the  indirect 
stations,  as  the  areas  belonging  to  them  must  be 
deducted.  A  little  practice  will  enable  the  learner 
to  know  both  them  and  the   four  extremes,  viz : 
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N.  S.  E.  and  W.  That  author's  description  of  a 
semi-rectangle  is  a  figure  limited  by  the  latitudes 
of  both  ends  of  the  station,  the  station  itself,  and 
a  section  of  the  parallel  from  which  the  latitudes 
are  measured,  equal  to  the  departure ;  and  when 
the  last  mentioned  is  indirect,  the  semi-rectangle 
is  indirect  also,  viz :  Indirect  or  retrograde  sta- 
tions are  those  stations,  in  respect  of  the  rest, 
which  bear  backward  or  contrary  to  the  natural 
succession  of  the  four  quarters  of  the  compass. 

If,  in  proceeding  Southerly  from  the  extreme 
point  jSTorth,  there  happen  a  station  to  turn  North- 
erly, or,  in  proceeding  Northerly  from  the  extreme 
point  South,  there  happen  a  station  to  turn  South- 
erly, such  stations  are  indirect  or  retrograde  sta- 
tions. The  same  may  be  said  of  stations  that 
turn  after  the  like  manner  in  proceeding  from  the 
extreme  points  E.  and  W.  of  the  survey.  The 
extreme  points,  N.  S.  E.  or  W.  of  a  survey,  are 
the  ends  of  those  stations  which  run  more  to  the 
N.  S.  E.  or  W.  than  any  other  stations  in  the  survey. 

Though  most  surveys  have  those  four  extreme 
points,  yet  there  are  some  where  one  and  the  same 
station  may  be  the  greatest  extreme  N.,  and  at 
the  same  time  the  greatest  extreme  East  or  West ; 
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or  one  and  the  same  station  may  be  the  extreme 
South,  and  likewise  the  extreme  East  or  West. 
The  circumscribing  parallelogram  of  a  survey  is  a 
rectangle  or  parallelogram  circumscribing  the  body 
of  the  land,  whose  four  sides,  passing  through  the 
four  extremes  N.  S.  E.  and  W.  of  the  survey,  are 
two  meridians  and  two  parallels  of  latitude. 

The  angular  spaces  are  the  areas  contained 
between  the  sides  of  the  circumscribing  paralello- 
gram,  and  the  stations  of  the  land  surrounded, 
which,  deducted  from  the  area  of  the  second  parall- 
elogram, leaves  the  content  of  the  survey. 

Now  in  order  to  find  the  area  of  those  angular 
spaces,  the  four  extremes  must  first  be  ascertained. 
This  an  experienced  hand  can  see  at  once  by 
examining  his  field-book,  which,  being  known,  you 
must  find  the  latitude  of  each  station  in  the  survey 
from  the  extreme  points  North  and  South ;  thus, 
having  found  and  corrected  your  latitudes  and 
departures,  and  placed  them  as  in  the  following 
table,  write  0  in  a  line  with  N,  and  also  the  South 
extreme  as  in  the  following  table.  Now,  begin- 
ning at  each  of  these  extremes.  North  and  South, 
continue  to  add  the  Northings,  and  subtract  the 
Southings  to  find  the  latitude  of  each  station  to 
7* 
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the  extreme  point  West,  but  you  must  still  add 
the  Southings  and  subtract  the  Northings  to  the 
extreme  point  East.  When  the  latitude  of  every 
station  is  thus  found,  and  placed  in  their  proper 
columns,  add  every  two  latitudes  next  each  other, 
and  put  their  sum  in  a  line  with  the  latter  station 
in  the  column  marked  L.  A.,  and  each  sum  or 
number  in  this  column  is  the  length  of  a  rectangle, 
which  is  double  the  semi-rectangle  of  each  station. 
It  is  no  matter  at  which  of  the  two  latitudes  you 
begin,  so  that  you  place  their  sum  in  a  line  with 
the  latter  or  succeeding  station  ;  but  it  is  common 
to  begin  by  adding  the  first  and  last'  stations  to- 
gether, and  placing  their  sum  in  a  line  with  the 
first  station ;  then  add  the  first  and  second,  and 
place  it  in  a  line  with  the  second,  and  so  on 
till  the  column  is  filled.  Then  each  number  must 
be  multiplied  by  its  corresponding  Easting  or 
Westing,  and  the  products  put  in  the  column 
marked  D.  S.,  or  double  semi-rectangle  of  each 
station.  If  the  Easting  or  Westing  be  direct, 
then  this  product  must  be  marked  +  ;  but  if  it  be 
indirect,  with  the  negative  sign  — ,  and  the  sum 
of  all  the  affirmatives,  abating  the  sum  of  all  the 
negatives,  will  be  the  content  of  all  the  angular 
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spaces.  But,  to  find  tlie  length  and  breadth  of 
the  circumscribing  parallelogram,  note  that  from 
the  sum  of  all  the  Northings  or  Southings  you 
must  deduct  the  sum  of  all  the  Northings  or  South- 
ings that  have  indirect  diiference  of  latitude, 
•which  will  give  one  side,  and  the  same  must  be 
done  with  the  Eastings  and  Westings  to  find  the 
other  side.  The  length  and  breadth  of  the  parall- 
elogram being  thus  found,  they  must  be  multiplied 
together,  and  from  their  product  take  the  content 
of  the  angular  spaces,  and  the  remainder  will  be 
the  content  of  the  survey. 

TAKE  THE  FOLLOWING  EXAMPLE  IN  NUMBERS. 


N. 

S. 

L.N. 

L.S. 

1 

5.75 

0.00 

? 

30.28 

9n 

30.28 

3 

m  51 

4 

9.04 

6.17 

48.55 

5 

4.66 

1.51 

6 

151 

0.00 

6.78 

6.78 

8 

17.46 

24.24 

9 

12.97 

37.21 

10 

11.76 

48.97 

6.75 

5.75 

30.28 

69.79 

88.06 

7.68 

1.51 

6.78 

31.02 

61.45 

86.18 


-076.5900 

-468.7344 

-687.4315 

-626.1066 

+088.9344 

+020.2340 

+049.8330 

+268.3230 

—  233.5100 

+739.4244 


11.58 
13.40 
7.35 


.58 


13.32 

15.48 

9.85 

7.11 


2)2792.1013    49.56  49.56 


1396.0506=Ang.  spaces. 

In  this  example  there  are  no  indirect  stations 
in  the  Northings  or  Southings,  54.72  is  the  me- 
ridianal  breadth  of  the  survey.  But  station  9th 
being  indirect  in  the  parallel  breadth,   must  be 


80  The  Surveyor's  Guide. 

deducted  from  the  sum  of  the  Easting  or  Westing 
to  find  the  other  side  of  the  circumscribing  par- 
allelogram.    Thus : 

49.56  Sum  E.  or  W. 
3.80  Indirect. 


45.76=Parallel  breadth. 
54.72=Meridianal  breadth. 


91.52 
32032 
18304 

22880 

2503.9872  Content  of  circum.  parallelogram. 
1396.0506         "      of  the  angular  spaces. 

1107.9366 
4 

3.17464 
40 


6.98560  110.3.06.98,  the  content. 

In  this  example  you  may  see  that  the  four  ex- 
tremes are  the  6th,  1st,  10th,  and  4th  stations. 
You  can  also  see  that  the  two  latitudes  of  the 
extreme  West  is  equal  to  the  two  latitudes  of  the 
extreme  East,  that  is  6.17+48.55=48.97+5.75, 
which  is  a  proof  to  so  much  of  the  work. 
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If  you  begin  with  the  Eastings  and  Westings, 
and  proceed  as  you  were  directed,  all  along  with 
the  Northings  and  Southings,  you  can  find  the 
content  of  the  survey  in  like  manner,  and  so  prove 
the  work. 

To  survey  with  the  compass  througli  any  mine,  or  other 
cause  for  drawing  the  compass  needle  off  its  parallelism : 

The  diurnal  variation  of  the  needle  is  known 
to  every  practical  surveyor,  but  is  easily  cor- 
rected by  examining  the  time  of  the  day  when  the 
courses  of  long  stations  were  taken ;  as  from  about 
8  o'clock  in  the  morning  till  about  2  in  the  after- 
noon, the  needle  varies  Westerly  to  from  about 
7'08"  to  about  13'2r',  as  shown  in  the  following 
table.  The  surveyor  can  make  such  allowance  as 
will  (all  other  errors  apart)  insure  a  complete 
clase. 

MEAN  DIURNAL  VARIATION  FOR  EVERY  MONTH  IN 
THE  YEAR. 


January, 

0"  7'08" 

July, 

0"13'14" 

February, 

0    8'58" 

August, 

0  12'19" 

March, 

0  ivn" 

September, 

0  11'43" 

April, 

0  12'26" 

October, 

0  10'36" 

May,' 

0  13'00" 

November, 

0    8'09" 

June, 

0  13'2F 

December, 

0    6'58" 
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Now,  in  surveying  with  the  compass  detatched 
from  a  Theodolite,  both  back  and  fore  sights 
should  always  be  taken  ;  and  to  make  sure  that  no 
attraction  exists  in  the  first  station,  take  a  course 
in  a  contrary  direction  to  some  object,  go  to  that 
object  and  take  a  back  sight ;  if  the  fore  and  back 
sight  agree  you  may  be  satisfied  that  no  attraction 
is  at  your  first  station ;  but  should  they  not  agree, 
you  must  then,  from  the  latter  station,  repeat  the 
like  process  till  you  find  at  which  of  them  the 
attraction  exists ;  if,  at  the  first  station,  either 
note  its  quantity,  which  allow  on  the  next  course, 
as  in  tracing  old  boundaries ;  or  pay  no  attention 
to  it  at  the  starting,  but  continue  to  take  the  fore 
and  back  sights  throughout,  and  as  at  any  station 
the  needle  will  be  as  much  attracted  at  the  fore  as 
the  back  sight,  the  angles  can  all  be  truly  found  as 
formerly  shown,  and  thence  the  true  courses  for 
calculation  by  latitude  and  departure.  Thus  may 
the  expert  surveyor  traverse  any  city,  mountain,  or 
other  place  containing  mines  or  other  substances 
which  attract  the  needle,  about  which  I  have  heard 
many  complaints. 


The  Surveyor's  Guide. 


83 


Now  to  plot  the  last  given  notes,  and  in  like 
manner  any  other  survey  similarly  prepared : — 
Having  the  length  and  breadth  of  the  circumscri- 
bing  parallelogram,  let  it  be  drawn  by  the  same 


scale  you  intend  to  lay  down'  your  map  by,  and 
beginning  at  either  of  the  extremes,  as  1,  lay  off 
your  latitude  as  l.a  5.575,  and  at  right  angles  to 
that,  the  departure  of  that  station  or  Westing  a.2 
13.32,  and  join  their  extremities  with  the  line  1  2, 
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which  is  the  distance.  The  next  station  is  N.  W. 
Draw  toward  the  North  2.b  parallel  to  the  sides 
of  your  parallelogram,  and  on  it  lay  30.28,  your 
next  Northing,  and  at  right  angles  thereto  toward 
the  West  15.48,  your  next  Westing,  and  join  2  and 
3,  which  is  your  next  distance,  and  so  on  all  round, 
and  as  your  Northings  are  equal  to  your  Southings, 
and  your  Eastings  to  your  Westings,  your  last 
departure,  whether  East  or  West,  will  fall  into  the 
point  of  beginning,  as  T.l.  This  is  the  most  expe- 
ditious mode  of  plotting  surveys,  and  can  be  made 
use  of  in  the  most  extensive  work,  and  is  much 
superior  to  protraction  by  parallels  and  a  metallic 
protractor.  The  mechanical  methods  of  finding 
area,  shown  by  many  authors,  I  do  not  think  well 
to  notice,  as  none  of  them  can  be  depended  on  for 
accuracy. 

OF   LOTTING   OR   LAYING   OUT   TOWNS,  &C. 

Regarding  this  kind  of  surveying,  little  can  be 
said  more  than  giving  some  general  directions  con- 
cerning the  method  of  operation,  as  every  man  has 
mostly  predetermined  the  manner  in  which  he 
intends  to  have  his  property  cut  up  into  lots. 
Provide  yourself  with  a  20  or  25  feet  pole,  ten 


The  Surveyor's  Guide,  85 

skivers  with  sharp  points  and  thin  edges,  two  brass 
plummets  with  steel  points  hung  to  fine  cords ; 
then  having  fixed  poles  so  as  to  direct  you  in  a 
straight  line,  and  set  them  perpendicular  by  the 
help  of  your  plumb,  direct  your  assistant  to  hold 
one  end  of  your  pole  in  the  straight  course,  with 
his  plummet  hanging  over  the  extremity,  whilst 
you  hold  yours  touching  the  end  of  the  pole  which 
you  hold,  and  the  point  of  your  plummet  exactly 
over  the  starting  point ;  when  both  plummets  are 
steady,  order  your  assistant  to  stick,  and  exactly 
where  the  point  sticks,  he  sticks  one  of  his  skivers 
edgewise  and  slanting,  so  as  that  you  can,  when 
you  arrive  at  it,  hang  the  point  of  your  plummet 
exactly  over  the  edge  of  the  skiver,  and  your 
assistant  again  sticks  his  plummet  in  the  ground, 
and  a  skiver  as  before,  and  so  on  to  the  end.  By 
measuring  carefully  in  this  manner,  property  can 
be  laid  out  with  great  accuracy. 

Almost  every  man  has  his  own  method  of  keep- 
ing his  field-book,  but  the  following  method,  which 
I  have  always  adopted,  is,  I  think,  best  calculated 
to  prevent  confusion  in  extensive  surveys,  for  as 
writing  backward  and  chaining  forward  are  con- 
trary, it  is  more  congenial,  and  natural,  to  both 
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write  and  chain  forward,  by  beginning  at  the  bot- 
tom of  the  page. 

N.  B.  It  may  not  be  unacceptable  to  the  reader 
to  see  these  notes,  calculated  by  Noble's  method, 
as  on  page  47. 
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Maple 

® 

60.00 
35.10 

N.77fW. 

Tin  Oak 
0-5 

W.  0. 

(5) 

Stump. 

«i«, 

1 

41.40 

162i 

"a 

S.17IW. 

1 
1© 

(4) 

To  a  stone. 

i 

1 

3 

To  the  place  of 

m 

36.40 

18.48 

"^     0.6 

33.00 

heginning. 

© 

1 

@ 

21.00 

7.10 

R.  0. 

S 

S.  0. 

3.24 

0.15  to  a  Pine 

N.  5f  E. 

@ 

15.00 

0.10 

(7) 

7.00 
2521 

S.  72JE. 

toChesiiut 

^ 

J^ 

1 

(3) 

To  a  post. 

1 

36.25 
23.00 

To  a  post. 
Chesnut. 

B.Oali 

41.00 

s 

26.00 
4.00 

Dogwood 

1 

n 

1 

2511 

S.  71|E. 

(2) 

2olo 
26U 

chains  to  a 
hickory 

10.00 

7.00 

N.30fW. 

(6) 

0.10  to  a  Beech 

Shellbark 
mckory. 

m 

S.89|E. 

tree. 

66.00 

Stream  North 

(1) 

62.00 

36  West. 

Begins  at  a  White  Oak  on.  Squire  Hays'  Estate. 
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The  foregoing  method  of  keeping  a  field  book, 
I  think,  is  the  most  convenient  I  have  seen.  The 
following  is  the  calculation  of  the  notes  corrected 
by  the  foregoing  rules. 


P. 

Lat. 

1 

Poles. 

N. 

S. 

32.05 

L.A. 

E.  Area. 

W.  Area. 

E. 

W. 

S.89V 
S.7i4Ie. 

10.00 

0.10 

31.95 

64.00 

640.0000 

10.00 

2 

20.50 

6.55 

25.40 

57.35 

1115.4575 

3S.7a^E. 

18.40 

5.50 

19.90 

45.30 

795.9210 

17.57 

4S.17gw. 

20.90 

19.90 

0.00 

19.90 

126.9620 

6.38 

5  N.77gW. 

6  N.30^Vy. 

7  N.  53|  E. 

33.00 

6.9+ 

6.9+ 

6.94 

223.8150 

.32.25 

18.25 

15.fiS 

22.62 

29.56 

275.7948 

9.33 

9.48 

9.03 

32.05 

54.67 

51.3898 

1  0.94 

Double  axea, 


626.5718  47.96  47.96 


2.0)1976.1965    in  square  four  pole 
chains. 


A.R.  V. 

98.3.0957 


Lat. 

Lat. 

Lats. 

DouWe  Semi- 

N. 

S. 

South. 

North. 

Added. 

rectangles. 

E. 

W. 

0.10 

0.10 

0.10 

—1.0000 

10.00 

6.55 

6.65 

6.75 

+131.2S75 

19.45 

5.50 

19.90 

12J5 

18.80 

4-330.3160 

17.57 

Ex.E. 

Ex.  S. 

19.90 

00.00 

19.90 

—128.9620 

6.38 

6.94 

6.94 

6.94 

+22:!.S150 

32.25 

15  68 

22.62 

9.43 

29.56 

■f275.7M8 

Ex.  W. 

9.33 

9.43 

North. 

.  00.00 

9.43 

+8.8&42 

0.94  . 

32.05      32.05 
Content  of  the  angular  spaces, 
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47.96  Parallel  breadth. 

32.05 


23980 
9592 

14388 


1537.1180  Content  of  circum.  parallelogram. 
549.0197         "      of  the  angular  spaces. 

988.0983 
4 


3.23932 
40 

9,57280 


A.    R.    P. 

98.3.95.73  the  same  as  before. 


There  are  no  indirect  stations  in  the  above,  but 
were  the  longitudes  made  use  of  instead  of  the 
latitudes,  the  last  station  would  be  indirect;  and 
here  also  it  may  be  seen  that  the  sum  of  the  oppo- 
site latitudes,  against  the  extremes  East  and  West, 
are  equal,  viz  :  12.15+19.90=32.05  and  22.62+ 
9.43=32.05. 

Of  the  Tracing  of  Old  Hearings. 

Gummer,  in  his  work  on  Surveying,  gives  the 
general  number  57.3°,  for  doing  this  which  many 
8* 
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work  with,  although  it  is  not  correct,  but  comes 
out  pretty  near  the  truth  when  the  chain  line  is  not 
very  long. 

To  find  this  number,  say  6.2831853  (the  circum- 
ference of  a  circle  whose  diameter  is  2)  :  360°  ::  1 
:  57.3°  nearly.  Now  if  two  corners  are  known, 
and  can  be  both  seen,  set  your  compass  at  one  of 
them,  and  direct  your  sights  to  the  other ;  the  dif- 
ference between  that  shown  by  your  needle,  and 
that  shown  in  the  deed,  will  be  the  variation  to  be 
allowed  on  each  course  round  the  land,  supposing 
all  those  given  in  the  deed  to  have  been  correctly 
taken  at  the  time  the  survey  was  made,  which  fre- 
quently happens  not  to  be  the  case.  If  the  two 
corners  cannot  be  seen  from  each  other,  run  the 
course  and  distance  given  in  the  deed,  and  observe 
if  the  point  you  arrive  at,  joined  to  the  corner, 
form  an  Isoseless  triangle,  which  will  be  the  case 
if  all  be  right ;  otherwise  some  mistake  has  been 
made  in  the  distances,  which  must  be  corrected. 
Then  take  the  pendicular  distance  to  the  given 
corner,  and  say :  As  the  measured  distance  is  to 
the  distance  to  the  corner,  so  are  57.3°  to  the 
number  of  degrees,  minutes,  or  seconds,  as  the 
case  may  be,  which  will   be  the  variation.     Or, 
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more  accurately.  As  the  distance  to  where  the 
perpendicular  was  taken  is  to  radius,  so  is  the  dis- 
tance to  the  corner  to  the  tangent  of  the  variation. 
In  running  your  trial  line,  you  will  be  told  you  are 
wrong,  and  that  you  don't  understand  your  busi- 
ness, and  all  such  stuff,  will  be  sounded  in  your 
ears ;  but  pay  no  attention  to  such  nonsense,  for  it 
is  to  be  regretted  that  too  many  men  are  so  igno- 
rant as  to  think  that  a  Surveyor  can,  by  some 
mysterious  means,  direct  his  compass  on  the  exact 
line,  and  find  all  the  courses  as  if  by  magic.  It 
often  happens  that  the  corners  runs  through  clumps 
of  trees  or  other  obstructions  through  which  you 
cannot  chain.  In  such  a  case  I  have  often  chosen 
an  opening  some  degrees  to  right  or  left  of  the 
fence,  and  at  certain  distances  driven  posts  till  I 
found  a  perpendicular  to  the  corner.  Then,  as 
the  whole  distance  is  to  the  perpendicular,  so  is 
each  distance  from  the  beginning  to  the  perpen- 
dicular distance  from  the  measured  line  to  the 
fence,  which,  being  correctly  laid  ofi",  and  posts 
driven  at  their  extremities,  will  point  out  the  true 
boundary. 

Of  Levelling. 
The  art  of  levelling  consists  in  finding  or  tra- 
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cing  a  line  on  a  given  portion  of  the  earth's  sur- 
face, parallel  to  the  horizon  at  all  points.  The 
subject  is  too  extensive  to  be  comprised  in  this 
small  treatise.  I  shall  give  an  example,  which  it 
is  hoped  will  enable  the  reader  to  do  anything  of 
that  nature  that  may  come  in  his  way.  Any  one 
desirous  of  being  fully  informed  on  that  subject, 
should  consult  Bruff's  Engineering,  where  every 
information  on  that  subject  can  be  obtained.  Re- 
garding the  adjustment  of  the  level,  which  is  a 
simple  matter,  let  the  practitioner  always  place  his 
level  in  the  middle,  between  the  back  and  fore- 
sights, and  keep  the  bubble  in  the  middle  of  the 
divisions,  and  all  will  be  right. 
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FIELD    BOOK    DISTANCES,    MEASURED    WITH    A    ONE 
nUNDRED  FEET  CHAIN. 


Efleva- 
tion. 

Back 
sight. 

Fore 
sight. 

Depres- 
sion. 

Total 
elevat'Q 
Datum 
100  feet. 

Dis- 
tance. 

...... 

1.11 

6.S4 
5.73 
8.10 
8.15 
5.80 
5.00 
5.01 
4.05 
4.98 
6.12 
2.25 
7.77 
3.95 
6.30 
1.60 
4.24 
6.74 
2.17 
4.60 
5.36 

5.73 
8.10 
8.15 
5.80 
5.00 
4.55 
4.05 
4.98 
6.12 
6.67 
7.77 

13.52 
6.30 

10.80 
4.24 
6.74 

10.20 
4.60 
5.36 
5.99 

100. 
101.11 

98.74 
98.69 
101.04 
101.84 
102.29 
103.25 
102.32 
101.18 
100.63 
95.11 
89.36 
87.01 
82.51 
79.87 
77.37 
73.91 
71.48 
70.72 
70.09 

0      .00 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

]  On  cross  road  50 
J    ft.  W.  N.  54  W. 
1  Side  of  ravine,  30 
J         feet  deep. 
10.  bottom  10  ft.wd. 
1  Top  of  bank  on 
J        other  side. 

1  Middle  of  stream, 
i         N.  57  W. 

2.37 
0.05 

2.35 
0.80 
0.45 
0.96 

0.93 
1.14 
.55 
5.52 
5.75 
2.35 
4.50 
2.64 
2.50 
3.46 
2.43 
0.76 
0.63 

5.67 

104.76 

134.67 
104.76 

35.58 
5.67 

100.... 
70.09 

1      Dati 
[therec 
r  giving 
J  accura 

im  at  top,  from  wHoh. 
uoed  level  is  deducted, 
a  third  proof  of  the 

29.91 

29.91 

29.91 

cy  of  the  work. 

The  fall  in  the  following  section  fi'om  1  to  21 
is  29.91  feet;  this  divided  into  2100  feet,  the 
whole  distance  gives  1  in  70.21,  the  regular  grade  ; 
and  to  find  the  grade  in  degrees,  it  will  be  as  2100 
is  to  radius  ::  29.91  to  the  tangent  of  the  angle  in 
this  case  0°  49'  nearly.     Here  it  will  be  observed 


94 


The  Surveyor's  Guide. 


that  the  difference  between  the  datum  line  and  any 
grade,  is  th.e  height  above  or  below  the  base  line, 
running  through  the  first  station.  If  the  ordinate 
be  greater,  the  difference  is  above  base ;  if  less, 
below.  Some  old  fashioned  levellers  follow  a  more 
intricate  plan.  Thus  101.11—98.74=2.37—1.11 
=1.26  above;  again,  98.74—98.69=0.05,  and 
1.26+0.05=131  below,  and  so  on.  But  this  re- 
quires too  much  thought,  when  to  add  and  when 
to  subtract ;  whereas  the  other  method  is  done  by 
one  subtraction. 


Scale  of  length,  800  feet  to 


To  LAY  OUT  A  HOAD  ON  A  REGULAR  GrADE  UP 

A  Hill. 
Set  your  instrument  at  the  starting  point,  level 
it,  and  set  the  vane  on  your  levelling  rod  to  the 
exict  height  of  the  centre  of  your  glass.     Ele- 
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vate  your  grading  instrument  to  the  number  of 
degrees  you  intend  your  road  to  be.  Send  forward 
your  rod  to  any  place  where  the  cross  wire  will  cut 
the  middle  of  the  vane,  and  there  drive  a  post,  and 
on  it  mark  grade,  and  so  on  to  the  end  of  the 
road.  And  to  find  the  cuttings  and  fillings,  the 
follotving  plan  is  the  most  convenient.  Set  your 
instrument  on  the  starting  point,  measure  very 
exactly  the  height  of  the  centre  of  the  glass,  and 
send  your  rod  to  the  first  point  where  cutting  or 
filling  is  required.  Elevate  your  instrument  to 
the  grade,  mark  where  it  cuts  the  rod,  and  the  dif- 
ference of  the  height  of  the  instrument  and  height 
on  the*  rod,  will  be  the  cutting  or  filling.  If  the 
height  of  the  instrument  exceeds  that  on  the  rod, 
the  difierence  is  cutting,  and  per  contra. 

Example  : 


In  the  above  cut  the  height  of  instrument  is  4 
feet ;    height   of   rod,    2 ;    diiference,    2   cutting. 


96  Surveyor's  Guide. 

Again,  height  of  instrument,  4,  and  back  sight  to 
rod  5 ;  difference,  1  to  be  added  to  last,  gives  3 
of  cutting  at  instrument.  Fore  sight,  3  ;  differ- 
ence to  be  added  to  last,  gives  4  feet  cutting  at  the 
rod  ;  but  now,  height  of  instrument,  5 ;  back  sight, 
2 ;  difference,  3 ;  which,  deducted  from  4,  leaves 
1,  and  so  through  the  whole. 

To   Inflect  in   Curves   on  Rail  Roads  and 
Others. 

The  curves  most  in  use  at  the  present  time,  are 
those  of  a  circle.  The  angle  made  at  the  angular 
point  of  the  tangents  is  always  given — the  length 
of  your  tangent  is  also  given.  To  find  the  radius, 
multiply  the  natural  tangent  of  half  the  contained 
angle  by  the  length  of  the  tangent  of  your  curve, 
and  the  product  will  be  the  radius  of  the  curve. 

To  find  the  degree  of  curvature,  divide  half  the 
chord  to  be  inflected  by  the  radius  of  the  curve, 
and  it  gives  the  natural  sine  of  the  degrees  of  cur- 
vature. 

Thus,  in  the  annexed  figure,  where  the  radius  is 
140,  and  the  cord  to  be  inflected  100.  140)50, 
000000  (.357142  is  the  natural  sine  of  20°  55'= 
the  degrees  of  curvature. 
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Demonstration. 

The  angle  A  D  C,  is  a  right  L=to  A  D  B,  and 
A  C  B  is  common  to  the  two  triangles,  ABC  and 
A  D  B.  Hence  LAC  D=B  A  DJ,  the  L  angle 
of  deflection.  Now  set  your  instrument  at  A, 
direct  your  index  to  E,  turn  it  towards  the  curve 

E 


till  20°  55'  are  told  on  the  limb,  holding  the  end 
of  your  chain  at  A;  let  the  assistant  hold  the 
chain  tight,  and  move  round  till  the  other  end 
comes  in  the  line  of  the  perpendicular  wire  of  the 
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telescope  at  G,  and  then  fix  a  pin.  Again,  if 
nothing  intervene  to  prevent  your  seeing,  inflect 
from  A  E,  double  the  said  /.,  and  fixing  one  end 
of  the  chain  at  G,  let  the  other  be  stretched  to 
come  in  contact  with  the  telescope  at  H,  and  so  on 
through  the  whole.  If  H  cannot  be  seen  from  A, 
move  the  instrument  to  G,  and  take  a  back  sight 
to  A,  and  inflect  double  the  L  of  the  degrees  of 
curvature  from  G  K,  which  will  fall  into  H. 

I  have  met  with  some  calling  themselves  engi- 
neers, who  adopt  the  following  plan.  They  divide 
57.,3°X60-=3438'  by  the  radius  of  the  circle,  mul- 
tiplying the  quotient  by  the  number  of  feet  in  the 
chord,  and  divide  by  60  for  double  the  angle ;  but 
this  is  erroneous.  I  remember  having  met  with  a 
person  who  declared  that  the  angle  found  by  this 
rule  was  the  true  angle  of  deflection.  I  gave  him 
the  tangent  100,  and  the  radius  100  feet,  and  he 
did  it  by  this  rule,  viz:  100)3438(34.38X100= 
3438+60=57°  18'.  In  this  instance  the  L  made 
by  the  tangent  and  chord  is  only  45°,  so  that  in- 
stead of  inflecting  in  100  feet,  this  57°  18'  would 
•fall  below  the  chord.  Nor  is  the  half  of  it  cor- 
rect, viz:  28°  39'.  For  by  the  true  method 
100)50(=,5,  the  natural  sine  of  30°  the  true  angle. 


The  Surveyor's  Guide.  99 

It  remains  to  find  the  length  of  the  curve  A  G 
H  F.  The  circumference  of  a  circle  whose  di- 
ameter is  2,  is  6.2832  nearly.  Hence  as  360°  : 
6.2882  ::  1  :  .01745,  &c.  This  number,  multi- 
plied by  the  degrees  in  the  arc,  and  by  the  radius 
of  the  curve,  gives  the  length  of  the  arc,  thus : 

01745 
11 


17450         268.1^'  the  length  of  the  arc,  and 
1745  so  of  any  other. 


1,91950 
140 

7678000 
191950 

268,73000 


The  two  following  problems  may  be  amusing  to 
some  readers,  viz : 

A  gentleman  has  a  lot  40  perches  long  and  30 
perches  wide.  He  thinks  the  ends  may  be  so  ap- 
plied, as  that  when  their  extremities  are  joined,  the 
area  may  be  the  greatest  possible.     The  perpen- 
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dicular  breadth,  and  the  length  of  the  unknown 
side  are  required. 

Answer:  Breadth,  26.815  nearly. 
Length  of  the  unknown  side,  66.904  nearly. 

Problem  Second. 

A  plank  road  is  to  be  made  from  the  city  A  to 
the  town  B,  20  miles  asunder.  A  straight  road  is 
so  situated  that  a  perpendicular  from  A  to  it  is  10 
miles,  and  from  B  6  miles.  The  plank  road  must 
touch  the  straight  road  in  such  a  point  as  to  be 
the  shortest  possible  by  that  route,  the  length  of 
the  plank  road,  the  point  of  contact,  and  radius 
of  the  curve  having  200  feet  tangent,  are  required. 

Answer :  Length  of  the  plank  road,  25.298 
The  distance  of  the  point  of  contact 

from  A,  12.2474 

And  from  B,  7.3484 

Badius  of  the  curve  having  200  feet  tangent, 
245  feet  nearly. 

This  note  to  be  placed  after  the  calculation  of 
the  large  triangle.  It  is  there  shown  that  the  area 
of  any  plane  triangle,  the  three  sides  of  which  are 
given,  is    A  B^.  Sine  B.  Sine  A 


C  2  Sine  C.  Which  is  thus 

proved  BAA 
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It  has  been  already  shown  that  B  C.  B  A.  Sine  B. 

2 

equal  area  of  the  triangle,  .*.  B  C.  A  C.  Sine  C. 
=area. 

2 

Hence  B  C.  B  A.  Sine  B=B  C.  A  C.  Sine  C. 

Multiply  each  side  by  B  A,  and  we  have 

B  C.  B  A^.  Sine  B=B  C.  A  C.  B  A.  Sine  C. 

Divide  this  equation  by  B  C,  we  have 

B  A^.  Sine  B=A  C.  B  A.  Sine  C. 

Multiply  each  side  by  Sine  A  .•. 

B  A^.  Sine  B.  Sine  A=A  C.  B  A.  Sine  A.  Sine  C. 

Divide  this  by  Sine  C,  and 

B  A^.  Sine  B.  Sine  A. 

■ =A  C.  B  A.  Sine  A.=twice 

SineC 
the  area,  and  therefore 

A  B^.  Sine  B.  Sine  A 

=:Area 

2  Sine  C 
To  find  the  perpendicular  ordinates  from  the 
chord  6  of  any  arc  of  a  railroad,  in  order  to  set  off 
the  curve  correctly  and  speedily,  without  the  help 
of  an  instrument,  suppose  it  to  be  a  20°  curve,  the 
tangent  200.  Find  the  radius,  as  formerly  taught ; 
multiply  the  radius  by  the  natural  co.  sine  of  half 
the  vertical  angle,   and  you  have   J  the   chord. 


102 


The  Sukveyor's  Guide. 


Multiply  the  radius  by  the  natural  sine  of  the 
same  angle,  and  you  have  the  distance  from  the 
centre  to  the  middle  of  the  chord,  a  constant  num- 
ber to  be  deducted.  Now  take  any  distance,  sup- 
pose 10  feet,  at  which  you  choose  to  erect  your 


ordinates,  and  from  the  semi-chord  subtract  this 
number,  square  the  remainder,  and  subtract  it 
from  the  square  of  the  radius ;  extract  the  square 
root,  from  which  take  the  aforesaid  constant  num- 
ber, and  the  remainder  is  the  ordinate  to  be 
rightly  applied,  and  so  proceed  till  you  arrive  at 
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the  middle  of  the  chord  ;  then  the  difference  be- 
tween the  said  constant  number  and  the  radius,  is 
the  versed  sine  or  greatest  ordinate,  and  now  you 
are  prepared  to  lay  off  the  other  side  of  your 
curve,  and  all  this  can  be  done  in  a  few  minutes  in 
the  field. 

Example.     See  last  figure. 

Nat.  tangent  of  80°=5.67128 
200 


1134,25600=Iladius,  1134. 
Nat.  CO.  sine  of  80°       =,17365 


5671280 
6805536 
3402768 
7939792 
1134256 


196,96355440=Semi-chord,  197. 


Nat.  sine  of  80°  1134 

,9848 


9072 
4536 

9072 
10206 


lllfi  7fi.R9    Distance  from  centre  to  said 
J.1AU,  (UO^  cliord=1117. 
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From  1134 
Take  1117 

17= Versed  sine  FE— From  197 
Take    10 

(187^=34969 
From  (1134)^=1285956 
Take  (  187)^=     34969 


1250987=1118 
From  which  take  1117 

1  ft.  the  1st  ordinate. 

Again,  for  the  2d  ordinate,  197— 20=(177)^ 

=31329  and  1285956 
—   31329 

(1120  From  1120 

v/ 1254627     Take  1117 

1  

—  3=the  next. 

21)25 
21 

222)446 
444 


2240)227 

Ordinate.    All  this  is  plain  from  the  figure,  and 
"when   the   radius    and   constant    subtrahend    are 
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found  (which  is  on]j  the  work  of  a  minute)  all  the 
others  are  nearly  had  at  sight.  This  I  consider 
quite  superior  to  any  other  method  now  in  practice. 
Otherwise  thus  :  Let  the  radius,  versed  sine, 
chord,  and  constant  quantity  D  E,  be  found  as 


before,  divide  the  semi-chord  into  any  number  of 
parts  as  e  f  g  h  i.  From  E  C  deduct  one  of  the 
parts  i  C,  leaves  E  i^m  F,  then  D  F=(radius) 
squared — (m  F)^=(m  Df  the  square  root  of  which, 
minus  the  constant  quantity,  E  D,  gives  the  ordi- 
nate i  F,  and  in  like  manner  all  the  others  are 
found,  and  thus  the  curve  can  be  laid  off  in  a  few 
minutes  in  the  most  accurate  manner,  (by  the  47th 
of  the  first  of  Euclid.) 
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Problem. 
Let  A  B  C  be  a  right   angled  triangle,  the  hy- 
pothenuse  of  which  is  35,  and  the  difference  be- 
tween the  area  of  the  enscribed  square  (one  of 
c  whose  angles  coin- 
cides with  the  right 
angle  of  the  trian- 
gle) and  the  area 
of  the  A  is  150. 
Required  the  sides 
of  the  triangle. 


Solution. 

Put  A  E=x  and  D  F=y.  Then  per  4th  Euc. 
6th,  y  :  y  ::  X  :  f =C  F,  f +x  y=DoubIe  the 
area  of  the  Ag  A  D  E  and  D  F  C  .-.=300  or  'f + 
2  X  y=600.  Also  f+  Y=B  C  and  x+y=  A 
B.  Now  (l'+jy+{x  +  yy=S5^  viz;  |:+?  +  y^ 
+y+2  X  y=1225 

Deduct  'f         +2  X  y=600 

5+2  y^+x^-=625  Ex't  the  square. 
Root  and        -^'+x=25  or 

y^+x^=25  x=A  1)^=5  ^/  x. 
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Hence  5  \/  x  :  x  ::  35  :  x+y,  and  by  divi- 
ding the  first  and  third  by  5.  x|  :  x  ::  y  x+y 
and  ::  are  their  squares,  x  :  x^  ::  49  .  x^+y^+ 
2  X  y.     Multiply  the  extremes  and  means,  and 

49  x2=x3+x  yH-2  x^  y-j-by  x  and 
From  49  x  =x''+y=2  xy  ;  but  25  x=j^+x^ .-. 
Take  25  x  =x'+y^ 

24  X  =  2  X  y         or 
24     =  2  y  and 

y      =12  the  side  of  the  square. 
And  the  sides  of  the  angle  are  21  and  28. 

28 
21 

28 
56 

2)588 

294=area  of  A. 
Deduct,       144 

150=area  of  the  2  A's. 
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1     TABLES  OP  LATITUDE  AND  DEPARTURE.     i 

1 
1 

N.  S. 

E.W.  1|N.  S. 

E.W. 

N.  S. 

E.W. 

N.  S. 

E.W. 

89i 

Oi 
0.9999 

19i 

Oi 
0.9999 

89i 

o.i 

0.0043 

0.0087 

0.9999 

0.0131 

2 

1.9999 

0.0087 

1.9999 

0.0174 

1.9998 

0.0262 

3 

2.9999 

0.0131 

2.9998 

0.0261 

2.9997 

0.0.392 

4 

3.9999 

0.0174 

3.9998 

0.0349 

3.9996 

0.0623 

5 

4.9999 

0.0218 

4.9998 

0.0436 

4.9995 

0.0654 

6 

5.9999 

0.0262 

5.9997 

0.0623 

6.9994 

0.0785 

7 

6.9999 

0.0305 

6.9997 

0.0611 

6.9993 

0.0916 

8 

7.9999 

0.0349 

7.9997 

0.0698 

7.9992 

0.1047 

9 

1 

8.9999 

0.0393 

8.9996 

0.0785 
88J 

8.9991 

0.1178 

1° 

89° 

li 

0.9997 

88S_ 
0.0218 

li 

li 

88i 
0.0305 

0.9998J0.0174 

0.9996 

0.0262 

0.9995 

2 

1.9997!  0.0349 

1.9995 

0.0436 

1.9993 

0.0523 

1.9990 

0.0610 

3 

2.9995|0.0523 

2.9993 

0.0654 

2.9989 

0.0785 

2.9986 

0.0916 

4 

3.9994 

0.0698 

3.9990 

0.0872 

3.9986 

0.1047 

3.9981 

0.1221 

6 

4.9992 

0.0872 

4.9988 

0.1090 

4.9982 

0.1309 

4.9976 

0.1527 

6 

5.9991 

0.1047 

5.9985 

0.1309 

5.9979 

0.1570 

6.9972 

0.1832 

7 

6.9989 

0.1221 

6.9983 

0.1627 

6.9976 

0.1832 

6.9967 

0.2137 

8 

7.9988 

0.1396 

7.9981 

0.1745 

7.9972 

0.2094 

7.9962 

0.2443 

9 

1 

8.9886 

0.1570 

8.9978 

0.1963 

8.9969 

0.2356 

8.9958 

0.2748 

2° 

88° 

2i 

87S 
0.0392 

2i 
0.9990 

87i 
0.0436 

2i 

87i 

0.9994,0.0349 

0.9992 

0.9988 

0.0479 

1.9987  0.0698 

1.9984 

0.0785 

1.9981 

0.0872 

1.9977 

0.0959 

3 

2.9981  0.1047 

2.9977 

0.1178 

2.9971 

0.1308 

2.9965 

0.1439 

4 

3.9975  0.1396 

3.9969 

0.1570 

3.9962 

0.1745 

3.9964 

0.1919 

.-i 

4.9969  0.1745 

4.9961 

0.1963 

4.9952 

0.2181 

4.9942 

0.2399 

6 

5.9963 

0.2094 

5.9954 

0.2355 

5.9943 

0.2617 

5.9931 

0.2878 

7 

6.9957 

0.2443 

6.9946 

0.2748 

6.9933 

0.3053 

6.9919 

0.3358 

a 

7.9951 

0.2792 

7.9938 

0.3141 

7.9924 

0.3489 

7.9908 

0.3838 

9 

1 

8.9945 

0.3141 

87° 

8.9930 
3i° 

0.3533 

86.1 
0.0567 

8.9914 

0.3926 

8.9896 

0.4318 

3° 

H 

86i 
0.0610 

3i 

86i 

0.9986 

0.0523 

0.9984 

0.9981 

0.9978 

0.0654 

? 

1.9973 

0.1047 

1.9968 

0.11.34 

1.9963 

0.1221 

1.9957 

0.1308 

3 

2.9959 

0.1570 

2.9952 

0.1701 

2.9944 

0.1831 

2.9936 

0.1962 

4 

3.9945 

0.2093 

3.9935 

0.2268 

3.9925 

0.22421 

3.9914 

0.2616 

fi 

4.9931 

0.2617 

4.9919 

0.2835 

4.9907 

0.3062 

4.9893 

0.3270 

fi 

5.9918 

0.3140 

5.9903 

0.3402 

5.9888 

0.3663 

5.9871 

0.3924 

7 

6.9904 

0.3664 

6.9888 

0.3968 

6.9869 

0.4273 

6.9850 

0.4578 

S 

7.9890 

0.4187 

7.9871 

0.4535 

7.9861 

0.4884 

7.9829 

0.6232 

9 

8.9877 
E.W. 

0.4710 

N.  S. 

8.9866 
E.W. 

0.5102 

9.9832 
E.W. 

0.6494 

N.  S. 

8.9807 
E.W. 

0.6886 

N.  S. 

N.  S. 
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TABLES  OP  LATITUDE  AND  DEPARTURE.            j 

N.  S. 

E.  W.  1  iN.  S. 
86°         4i 

E.W. 

K  S. 

E.  W. 

N.  S. 

E.W. 

85i 

4° 

85S 

4i 

85i 

41 

1 

0.9976 

0.0698'  0.9972 

0.0741 

0.9969 

0.0784 

0.9965 

0.0828 

2 

1.9951 

).1395l  11.9945 

0.1482 

1.9938 

0.1569 

11.9931 

0.1656 

3 

2.9927  0.2093ii2.9917' 

0.2223 

2.9907 

0.2354 

12.9897 

0.2484 

4 

3.9902 

0.2790! '3.9890 

0.2964 

3.9977  0.31381 

13.9863 

0.3312 

5 

4.9878 

0.34881  !4.9862 

0.3705 

4.9846 

0.3923 

4.9828 

0.4140 

6|5.9854 

0.4185  ,5.9835 

0.4446 

5.9815 

0.4707 

5.9794 

0.4968 

7l6.9829 

0.4883'  6.9807 

0.51871 

'6.9784 

0.5492 

6.9759 

0.5796 

8 

7.9805  0.5580  17.9780 

0.59281 

7.9753 

0.6277 

I7.9725 

0.6625 

1   9 

8.9780|0.6278l 

8.9752 
5i 

0.6670 

84|"- 

8.9722 
5i 

0.7061 

8.9691 

0.7453 

5° 

85°   1 

84i 

5i 

84i 

1 

0.9961 

0.0S71 

0.9958 

0.0915: 

0.9954 

0.0958 

0.9949 

0.1002    1 

2 

1.9923 

0.1743 

1.9916 

0.1830' 

|1.9908 

0.1917 

1.9899 

0.2004 

I   ^ 

2.9884 

0.2615 

2.9874 

0.2745: 

2.9862 

0.2875 

2.9849 

0.3006 

4- 

3.9846 

0.3486 

3.9832 

0.3660: 

'3.9816 

0.38.34 

3.979^" 

0.4008 

1   5 

4.9808 

0.4358 

4.9790 

0.4575 

'4.9770 

0.4792 

4.974S 

0.5009 

6 

5.9769 

0.5229 

5.9  748  jo.  5490 

5.9724 

0.5751 

5.9698 

0.6011 

6.9731 

0.6101 

6.9706!o.6405 

6.9678 

0.6709 

6.9648 

0.7013 

'    8 

7.9692 

0.6972 

7.9664 

0.7320 

:7.9632 

0.7668 

7.9597 

0.8015 

;     9 

i 

1 

8.9654 

0.7844' 

8.9622 

i  « 

0.9940 

0.8235 

:8.95S6 

0.8626 

8.9547 

0.9017 

6° 

0.9945 

84 

83i 

6i 

83i 
0.1132 

1    6i 

83i 
01175 

0.1045 

0.1088 

0.9935 

,0.9930 

1   2U.9S90 

0.2090 

1.9881 

0.2177 

1.9871 

0.2264 

1.9861 

0.2351 

3  2.9836 

0.3136 

,2.9821 

0.3266 

2.9807 

0.3396 

I2.9792 

0.3526 

i   4 

3.9781 

0  4181; 

3.9762 

0.4355 

3.9743 

0.4528 

'3.9723 

0.4701 

5 

4.9726 

0.5226 

14.9703 

0.5443 

4.9678 

0.5660 

14.9653 

0.5877 

fi 

5.9671 

0.6272 

15.9643 

0.6532 

5.9614 

0.6792 

15.9584 

0.7052 

7 

6.9616 

0.7317 

6.9584 

0.7621 

6.9550 

0.7924 

6.9515 

0.8228 

8 

7.9562 

0.8362 

'7.9524 

0.8709 

7.9486 

0.9056 

7.9445 

0.9403 

9 

1 

8.9507 

0.9408 
83° 

^8.9465 

0.9798 

8.9421 

1.0188 

8.9376 

1.0578 

7° 

n 

82i 

0.9914 

S2i 

1  ri 

0.9908 

82i 
0.1348 

0.9925 

0.1218 

0.9920 

0.1262 

0.1305 

2 

1.9851 

0.2437 

11.9840 

0.2524 

;i.9S29 

0.2610 

|1.9817 

0.2697 

3 

2.9776 

0.3656 

,2.976( 

0.3786 

:2.9743 

0.3916 

!2.9726 

0.4045 

4 

3.9702 

0.4874 

i.3.9680 

0.5048 

:3.9657 

0.5221 

13.9635 

0.5394 

5 

4.9627 

0.6093 

4.9600 

0.6310 

4.9572 

0.6526 

14.9543 

0.6742 

6 

5.9553 

0.7312 

5.952( 

0.7572 

5.9487 

0.7831  i  15.9452 

0.8091 

7 

6.9478 

0.8531 

16.9440 

0.8834 

6.9401 

0.9137 

6.9361 

0.9439 

8 

7.9404 

0.9750 

17.9360 

1.0096 

7.9315 

1.0442 

7.9269 

1.0788 

918.9329 

1.0968 

8.9280 

1.1358 

8.923(. 

1.1747 

8.9178 

1.2136 

|e.w. 

N.  S.    IE.  W. 

N.  S. 

E.  W. 

N.  S. 

E.  W. 

N.  S. 
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j            TABLES  OF  LATITUDE  AND  DEPARTURE.             jj 

1 

N.  S. 

E.W. 

N.  S. 

E.  W. 
~81i~ 

N.  S. 

E.  W. 

N.  S. 

E.  W. 

"81i 
0.1521 

8° 
0.9902 

82 

8i 

8i 

81i 
0.1478 

8i 
0.9883 

0.1391 

0.9896 

0.1435 

0.9890 

2 

1.9805 

0.2783 

1.9793 

0.2870' 

1.9780 

0.2956 

1.9767 

0.3042 

3 

2.9708 

0.4175 

2.9689 

0.4305 

2.9670 

0.4434 

2.9651 

0.4564 

4 

3.9611 

0.5567 

3.9586 

0.5740 

3.9560 

0.6912 

3.9534 

0.6085 

5 

4.9513 

0.6959 

4.9483 

0.7175 

4.9451 

0.7390 

4.9418 

0.7606 

6 

5.9416 

0.8350 

5.9379 

0.8605 

5.9341 

0.8868 

5.9302 

0.9127 

7 

6.9319 

0.9742 

6.9276 

1.0045 

6.9231 

1.0347 

6.9186 

1.0649 

8 

7.9221 

1.1134 

7.9172 

1.1479, 

7.9121 

1.1825 

7.9069 

1.2170 

9 

1 

8.9124 

1.2526 

8.9069 

1.2914 

8.9011 

1.3303 

8.8952 

9i 
0.9855 

1.3691 

80i 
0.1693 

9° 

81 

9i 

80i 

9i 
0.9863 

804 

0.9877 

0.1564 

'0.9870 

0.1607 

0.1650 

2 

1.9754 

0.3129 

;L9740 

0.3215 

1.9726 

0.3301 

1.9711 

0.3387 

3 

2.963] 

0.4693 

:2.9610 

0.4822 

2.9589 

0.4951 

2.9566 

0.6080 

■4 

3.9508 

0.6257 

3.9480 

0.6430 

3.9451 

0.6602 

3.9422 

0.6774 

5 

4.9384 

0.7822 

4.9350 

0.8037 

4.9314 

0.8252 

4.9278 

0.8467 

6 

5.9261 

0.9386 

5.9220 

0.9644 

6.9177 

0.9903 

5.9133 

1.0161 

7 

6.9138 

1.0950 

6.9090 

1.1252 

,6.9040 

1.1553 

6.8989 

1.1854 

8 

7.9015 

1.2515 

7.8960 

1.2859 

17.8903 

1.3204 

7.8844 

1.3548 

9 

1 

8.8892 

1.4079 

,8.8830 

1.4467 

8.8766 

1.4864 

794 
0.1822 

8.8700 

101 
0.9824 

1.5241 

79i 
0.1866 

10° 

80° 
0.1736 

i  lOi 

791 
0.1779 

!    lOi 
11.9832 

0.9848 

0.9840 

2 

1.9696 

0.3473 

,L9681 

0.3559 

0.9665 

0.3645 

1.9649 

0.3730 

3 

2.9544 

0.5209 

2.9521 

0.5338 

2.9497 

0.5467 

2.9473 

0.6595 

4 

3.9392 

0.6946 

,3.9362 

0.7118 

13.9330 

0.7289 

3.9298 

0.7460 

s 

4.9240 

0.8682 

4.9202 

0.8897 

4.9163 

0.9112 

4.9123 

0.9325 

6 

5.9088 

1.0419 

5.9042 

1.0676 

5.8995 

1.0933 

5.8947 

1.1190 

7 

6.8937 

1.2155 

i  6.8883 

1.2456 

,6.8828 

1.2756 

6.8772 

1.3056 

8 

7.8785 

1.3892 

17.8723 

1.4235 

17.8660 

1.4579 

7.8596 

1.4920 

9 

1 

8.8633 

1.5628 

8.8564 

1.6015 

~7SF 
0.1951 

18.8493 

1   114 
0.9799 

1.6401 

8.8421 

1.6786 

m 

0.2036 

11° 

79 
0.1908 

1  Hi 

784 
0.1993 

111 

0.9816 

0.9808 

0.9790 

2 

L9633 

0.3816 

1.9616 

0.3902 

1.9598 

0.3987 

1.9581 

0.4073 

3 

2.9449 

0.5724 

'2.9424 

0.5853 

12.9398 

0.5981 

2.9371 

0.6109 

4 

3.9265 

0.7632 

13.9231 

0.7804 

13.9197 

0.7975 

3.9162 

0.8146 

5 

4.9081 

0.9540 

4.9039 

0.9755 

4.8996 

0.9968 

4.8952 

1.0182 

6 

5.8898 

1.1449 

5.8847 

1.1705 

5.8796 

1.1962 

6.8743 

1.2218 

y 

6.8714 

1.3357 

6.8655 

1.3656 

6.8595 

1.3956 

6.8533 

1.4265 

i     8 

7.8530 

1..5265 

7.8463 

1.5607 

7.8394 

1.5949 

7.8324 

1.6291 

1     9 

1 

8.8346 
E.W. 

1.7173 

8.8271 

eTw" 

1.7558 
N.  S. 

8.8193 

ettv: 

1.7943 

N.  S. 

8.8114 
E.  W. 

1.8327 

nTsT 

N.  S. 
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TABLES  OF  LATITUDE  AND  DEPARTURE.            1 

1 

N.  S. 

12° 

0.9781 

E.W. 

N.S. 
12i 

E.  AY.I 

0.2122 

N.  S. 

E.  W. 

N.  S. 

E.  W. 

~77r 

78° 

12i 

77i 

12s 

0.2079 

0.9772 

0.9763 

0.2164 

0.9753 

0.2207 

2 

1.9563 

0.4158 

1.9544 

0.4242 

1.9526 

0.4329 

1.9507 

0.4414 

3 

2.9344 

0.6237 

2.9317 

0.6365 

2.9289 

0.6493 

2.9260 

0.6621 

4 

3.9126 

0.8316 

3.9089 

0.8487 

3.9052 

0.8657 

3.9014 

0.8828 

5 

4.S907 

L0396 

4.8861 

L0609 

4.8815 

1.0822 

4.8767 

L1035 

6 

5.8689 

1.2475 

5.8634 

1.2730 

5.8578 

1.2986 

5.8520 

1.3242 

7 

6.8470 

1.4554 

6.8406 

1.4852 

6.8341 

1.5151 

6.8274 

1.5449 

8 

7.8252 

1.6633 

7.8178 

1.6974 

7.8104 

1.7315 

7.8027 

1.7656 

9 

1 

8.8033 

1.8712 

8.7951 
13i 

1.9096 

8.7867 

1.9479 

8.7781 

1.9863 

76i 

0.2377 

13° 

77° 

76i 
0.2292 

0.9724 

76i 

13i 
0.9713 

0.9744 

O.2249I 

0.9734 

0.2334 

2 

1.9487 

0.4499 

L9467 

0.4584 

1.9447 

0.4669 

1.9427 

0.4754 

3 

2.9231 

0.6749 

2.9201 

0.6876 

2.9171 

0.7003 

2.9140 

0.7131 

4 

3.8975 

0.8998 

3.8934 

C.9168 

3.8895 

0.9338 

3.8854 

0.9507 

5 

4.8718 

1.1248 

4.8669 

1.1460 

4.8619 

1.1672 

4.8567 

L1884 

6 

5.8462 

1.34971 

5.8403 

1.3752 

5.8343 

1.4007 

5.8280 

1.4261 

7 

6.8206 

1.5746! 

6.8136 

1.6044 

6.8067 

1.6341 

6.7994 

1.6638 

8 

7.7950 

1.7996 

7.7870 

L8336 

7.7790 

1.8676 

7.7707 

1.9015 

9 
1 

8.7693 

2.0246 

8.7604 

2.0628 

75f 
0.2461 

8.7515 

2.1010 

8.7421 

141 
0.9670 

2.1392 

75i 
0.2546 

14° 

76° 

14i 
0.9692 

m 

75i 

0.9703 

0.2419 

0.9681 

0.2504 

2 

1.9406 

0.4838 

,1.9385 

0.4923 

L9363 

0.5008 

1.9341 

0.5092 

3 

2.9109 

0.7258 

2.9077 

0.7385 

2.9044 

0.7511 

2.9011 

0.7638 

4 

3.8812 

0.9677 

3.8769 

0.9846 

3.872711.0015 

3.8682 

1.1084 

5 

4.8515 

1.2096 

4.8461 

1.2308 

4.8407|l.2519 

4.8352 

1.2730 

fi 

.').8218 

1.4515 

5.815411.4769 

5.8089  1.5023 

5.8023 

1.5276 

7 

6.7921 

1.6935 

6.7846 

1.7231 

6.7770IL7527 

6.7693 

1.7822 

S 

7.7624 

1.9354 

7.7538 

1.9692 

7.7452 

2.0030 

7.7364 

2.0368 

9 

1 

8.7327 

2.1773 

75 
0.'25S8 

8.7231 

2.2154 
T4i" 

8.7133 

2.2534 

8.7034 

2.2914 

15 
0.9659 

15i 

15,} 

74i 
0.2672 

15i 
0.9624 

741 
0.2714 

0.9648 

0.2630 

0.9636 

?. 

1.9319 

0.5176 

1.9296 

0.5261 

1.9273 

0.5345 

1.9249 

0.5429 

3 

2.8978 

0.7765 

2.8944 

0.7891 

2.8909 

0.8017 

2.8874 

0.8143 

4 

3.8637 

1.0353 

3.8591 

1.0521 

3.8545 

1.0689 

3.8498 

1.0858     I 

ft 

4.8296 

1.2941 

4.8239 

1.3152 

4.8182 

L3362 

4.8123 

1.3572     1 

6 

5.7956 

1.5529 

5.7887 

1.5782 

5.7818 

1.6034 

5.7747 

1.6286 

7 

6.7615 

1.8117 

6.7535 

1.8412 

6.7454 

1.8707 

6.7372'l.9001 

7.7274 

2.0706 

7.7183 

2.1042 

7.7090 

2.1379 

7.6996  2.1715 

9 

8.6933 
E.W. 

2.3294 

N.  S. 

8.6831 

bTw: 

2.3673 

8.6727 
E.  W. 

2.4051 

8.6621  2.4430 

N.S.I 

N.  S.  1 

E.  W. 

N.  S.    !l 

112 


The  Surveyor's  Guide. 


TABLES  OP  LATITUDE  AND  DEPARTURE 

1 

N.S. 
16° 

E.W. 

N.S. 

E.W. 

N.S. 
16} 

E.W. 

N.S. 

E.W. 

73i 

74 
0.2756 

16i 

731 
0.2798 

73i 
0.2840 

16S 
0.9575 

0.9612 

0.9600 

0.9588 

0.2882 

2 

L9225 

0.5513 

1.9201 

).5596 

1.9176 

0.5680 

1.9151 

).5764 

3 

2.8838 

0.8269 

2.8801 

0.8395 

2.8765 

0.8520 

2.8727 

0.8646 

4 

3.8450 

L1025 

3.8402 

1.1193 

3.8353 

1.1361 

3.8303 

1.1528 

5 

4.8063 

L3782 

4.8002 

L3991 

4.7941 

1.4201 

4.7878 

1.4410 

6 

5.7676 

1.6538 

5.7603 

1.6790 

5.7529 

1.7041 

5.7454 

1.7292 

7 

6.7288 

1.9295 

6.7203 

1.9588 

6.7117 

1.9881 

6.7030 

2.0174 

8 

7.6901 

2.2051 

7.6804 

2.2386 

7.6705 

2.2721 

7.6606 

2.3056 

9 
1 

8.6513 

2.4807 

8.6404 

2.5186 

8.6294 

2.5661 

m 

0.3007 

8.6181 

m 

0.9523 

2.5938 

17 
0.9563 

73 

17i 

721 
0.2905 

17i 
0.9537 

72i 
0.3048 

0.2924 

0.9550 

?. 

1.9126 

0.5847 

1.9100 

0.5931 

1.9074 

0.6014 

1.9048 

0.6097 

2.8689 

0.8771 

2.8651 

0.8896 

2.8611 

0.9021 

2.8672 

0.9146   1 

4 

3.8252 

1.1695 

3.8201 

1.1862 

3.8149 

1.2028 

3.8096 

1.2195   1 

fi 

4.7815 

1.4619 

4.7751 

1.4827 

4.7686 

1.6035 

4.7620 

1.6243   i 

fi 

5.7378 

1.7642 

5.7301 

1.7792 

5.7223 

1.8042 

5.7144 

1.8292   1 

7 

6.6941 

2.0466 

6.6851 

2.0758 

6.6760 

2.1049 

6.6668 

2.1340 

8 

7.6504 

2.3390 

7.6402 

2.3723 

7.6297 

2.4056 

7.6192 

2.4389 

9 
1 

8.6067 

2.6313 

8.5952 

18i 
0.9497 

2.6689 

8.6834 

2.7063 

8.6716 

2.7438 

18° 

72 
0.3090 

711 
0.3131 

18J 
0.9483 

71i 

18i 
0.9469 

7U 

0.9510 

0.3173 

0.3214     1 

? 

L9021 

0.6180 

1.8994 

0.6263 

1.8966 

0.6346 

1.8939,0.6429   || 

3 

2.8532 

0.9271 

2.8491 

0.9395 

2.8460 

0.9619 

2.8408 

0.96-13 

4 

3.8042 

1.2361 

3.7988 

1.2527 

3.7933 

1.2692 

3.7877 

1.2857 

ft 

4.7553 

1.5451 

4.7485 

L6658 

4.7416 

1.5865 

4.7346 

1.6072 

fi 

5.7063 

1.8541 

5.6982 

1.8790 

5.6899 

L9038 

6.6816 

1.9286 

7 

6.6574 

2.1631 

6.6479 

2.1921 

6.6383 

2.2211 

6.6285 

2.2501 

8 

7.6084 

2.4721 

7.6976 

2.5053 

7.6866 

2.5384 

7.6764 

2.6716 

9 
1 

8.5595 

2.7812 

71° 
0.3255 

8.5473 

2.8185 

7oa 

0.3297 

8.6349 

2.8567 

8.6224 

2.8929 
.70i 
0.3379 

19° 
0.9455 

19i 

70i 
073338 

19i 
0.9412 

0.9441 

0.9426 

9 

1.8910 

0.6511 

1.8882 

0.6594 

1.8853 

0.6676 

1.8823 

0.6768 

3 

2.8366 

0.9767 

2.8323 

0.9891 

2.8279 

1.0014 

2.8233 

1.0137 

4 

3.7821 

1.3023 

3.7764 

1.3188 

3.7706 

1.3362 

3.7647 

1.3517 

^ 

4.7276 

1.6278 

4.7204 

1.6484 

4.7132 

1.6690 

4.7069 

1.6896 

5.6731 

1.9534 

5.6645 

1.9781 

5.6568 

2.0028 

5.6471 

2.0275 

7 

6.6186 

2.2790 

6.6086 

2.3078 

6.6985 

2.3366 

6.5882 

2.3654 

8 

7.5641 

2.6045 

7.5527 

2.6375 

7.6411 

2.6705 

7.5294 

2.7033 

9 

8.5097 

eTw: 

2.9301 
N.S. 

8.4968 
E.W. 

2.9672 

N.S. 

8.4838 

3.0043 

N.S. 

8.4706 
E.W. 

3.0412 

E.W. 

N.S. 
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tables  oe  latitude  and  departure.         I 

1 

N.  S. 
20 

E.W. 

70 

N.  S.  1 
"201" 
0.9382 

E.W. 

N.  S. 

e.  w. 

69  i 
0.3502 

N.  S. 

E.W. 

69i 
0.3543 

69S 

20i 

201 

0.9397 

0.3420 

0.3461 

0.9366 

0.9351 

t 

1.8794 

0.6840 

1.8764 

0.6922 

1.8733 

0.7004 

1.8703 

0.7086 

•6 

2.8191  1.0261] 

2.8146 

1.0383 

2.8100 

1.0606 

2.8054 

1.0629 

4 

3.7588  1.36811 

3.7528 

1.3845 

3.7467 

1.4008 

3.7405 

1.4172 

6 

4.6985 

1.7101 

4.6910 

1.7306 

4.6834 

1.7510 

4.6757 

1.7715 

6 

5.6381 

2.0521 

5.6291 

2.0767 

6.6200 

2.1012 

5.6108 

2.1267 

7 

6.5778 

2.3941 

6.5673 

2.4228 

6.6567 

2.4614 

6.5459 

2.4800 

8 

7.5175 

2.7362 

7.5055 

2.7689 

7.4934 

2.8016 

7.4811 

2.8343 

9 
1 

8.4572 

3.0782 

8.4437 

3.1160 

8.4300 

3.1519 

8.4162 

3.1886 
68i 

21° 

69° 

21i 

68i 
0.3624 

2U 

68i 

211 

0.9336 

0.3583 

0.9320 

0.9304 

0.3665 

0.9288 

0.3705 

2 

1.8672 

0.7167 

1.8640 

0.7249 

1.8608 

0.7330 

1.857610.7411  1 

3 

2.8008 

L0751 

2.7960 

1.0873 

2.7913 

1.0995 

2.7864  1.1117 

4 

3.7343 

1.4335 

3.7280 

1.4497 

3.7217 

1.4660 

3.7162  1.4822 

5 

4.6679 

L7918 

4.6600 

1.8122 

4.6521 

1.8325 

4.6440  1.8528 

6 

5.6015 

2.1502 

15.5920 

2.1746 

5.5825 

2.1990 

6.6729  2.2233 

7 

6.5351 

2.5086 

6.5240 

2.5371 

6.5129 

2.6665 

6.5017  2.5939 

8 

7.4686 

2.8669 

7.4560 

2.8995 

7.4433 

2.9320 

7.4305  2.9644 

9 

1 

8.4022 

3.2253 

8.3880 

3.2619 

8.3738 

3.2985 

67i 

0.3827 

8.3593 

3.3360 

22° 

68° 

22i 

67i 

22J 

22i 

67i 

0.9272 

0.3746 

0.9255 

0.3786 

0.9239 

0.9222 

0.3867 

2 

1.8544 

0.7492 

1.8511 

0.7673 

1.8478 

0.7654 

1.844410.7734 

3 

2.7816 

L1238 

2.7766 

1.1359 

2.7716 

1.1480 

2.7666 

1.1601 

'     4 

3.70S7 

1.4984 

3.7022 

1.5146 

3.6956 

L5307 

3.6888 

1.5468 

fi 

4.6359 

1.8730 

4.6277 

1.8932 

4.6194 

1.9134 

4.6110 

1.9335 

6 

5.5631 

2.2476 

5.5532 

2.2719 

6.5433 

2.2961 

5.6332 

2.3202 

1 

7 

6.4903 

2.6222 

6.4788 

2.6505 

6.4671 

2.6788 

6.4564 

2.7069 

i     8 

7.4175 

2.9968 

7.4043 

3.0292 

7.3910 

3.0615 

7.3776 

3.0936 

1  ' 

i     1 

8.3447 
23 

3.3715 

8.3299 

3.4078 

8.3149 

3.4441 

8.2998 

3.4803 

66i 

(L4027 

67 

23i 

66S 

23i 

66i 
0.3987 

23i 

0.9205 

0.3907 

0.9188 

0.3947 

0.9170 

10.9163 

.  5> 

1.8410 

0.7815 

1.8376 

0.7895 

1.8341 

0.7976 

|l.8306 

0.8055 

2.7615 

1.1722 

2.7564 

1.1842 

2.7612 

L1962 

2.7469 

1.2082 

4 

3.6820 

1.5629 

3.6762 

1.5790 

3.6682 

L6960 

3.6612 

1.6110 

5 

4.6025  1.9537 

4.5939 

1.9737 

4.5853 

11.9937 

4.5766 

0.0137 

fi 

5.5230  2.3444 

5.5127 

2.3685 

6.6024 

2.3925 

5.4919 

2.4165*!  1 

7 

6.4435  2.7351 

6.4315 

2.7632 

6.4194 

2.7912 

6.4072 

2.8192  \ 

S 

7.3640  3.1258 

7.3603 

3.1579 

7.3365 

3.1900 

7.2226 

3.2220 

9 

i 

8.2845|3.5166 

8.2691 

'e.'w 

3.6527 

8.2636 

3.5887 
N.  S. 

8.2378 

3.6247 
N.  S. 

e.  W 

IN.S. 

N.  S. 

E.W 

E.W 

J 
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TABLES  OF  LATITUDE  AND  DEPARTURE.             jl 

1 

1 

N.  S. 

E.W. 

N.  S. 

E.  W. 
651 
0.4107 

N.  S.    E.  W.| 

N.  S. 

E.  W. 
'"651" 
0.4186 

24 
0.9135 

66 

24i 

24i 

65i 

24i 

0.4067 

0.9117 

0.9099  0.4147 

0.9081 

?. 

1.8271 

0.8135 

1.8235 

0.8214 

1.8199  0.8294 

1.8163 

0.8373 

8 

2.7406 

1.2202 

2.7353 

1.2322 

2.7299  1.2441 

2.7244 

L2560 

4 

3.6542 

1.6269 

3.6470 

1.6429 

3.6398  1.6588| 

3.6326 

1.6746 

ft 

4.5677 

2.0337 

4.5588 

2.0536 

4.5498 

2.0735 

4.5407 

2.0933   1 

6 

5.4813 

2.4404 

5.4706 

2.4643 

5.4598 

2.4882 

5.4489 

2.5122 

7 

6.3948 

2.8472 

6.3823 

2.8750 

6.3697 

2.9029 

6.3570 

2.9306 

1   ^ 

7.3084 

3.2539 

7.2941 

3.2857' 

7.2797 

3.3175 

7.2651 

3.3493 

9 
1 

8.2219 

3.6606 

8.2058 

3.6965 

8.1896 

3.7322 

8.1733 

3.7679 

64i     1 
0.4344 

25° 

65 

25i 

64i 

25i 

64i 

25i 
0.9007 

0.9063 

0.4226 

0.9044 

0.4265 

0.9026 

0.4305 

1  8126 

0.8452 

|L8089 

0.85311 

1.8052 

0.8610 

1.8014 

0.8688 

3 

2.7189 

1.2679 

2.7134 

1.2797 

2.7077 

1.2915 

2.7021 

1.3032 

4 

3.6252 

1.6905 

3.6178 

L7063 

3.6103 

1.7220 

3.6028 

1.7376 

ft 

4.5315 

2.1131 

4.5223 

2.1328 

4.5129 

2.1525 

4.5035 

2.1720 

fi 

5.4378 

2.5357 

15.4267 

2.5594 

5.4155 

2.5831 

15.4042 

2.6064 

7 

6.3442 

2.9583 

6.3312 

2.9860 

16.3181 

3.0136 

6.3049 

3.0408 

S 

7.2505 

3.3809 

7.2356 

3.4125 

17.2207 

3.4441 

7.2056 

3.4752 

9 
1 

8.1568 

.3.8036 

8.1401 

3.839] 

8.1233 
0.8949 

3.8746 

8.1063 

3.9096 

63i 
0.4501 

26° 

64° 

26i 

634 
0.4423 

63i 

26.! 
0.8930 

0.8988 

0.4384 

0.8969 

0.4462 

1.7976 

0.8767 

[1.7937 

0.8846 

!1.7899 

0.8924 

1.7859 

0.9002 

1     S 

2.6964 

1.3151 

2.6906 

1.3269 

|2.6848 

1.3386 

2.6789 

1.3503 

4 

3.5952 

1.7535 

13.5875 

L7692 

13.5797 

1.7848 

3.5719 

1.8004 

ft 

4.4940 

2.1919 

14.4843 

2.2115 

4.4746 

2.2310 

4.4649 

2.2505 

6 

5.3928 

2.6302 

15.3812 

2.6537 

5.3696 

2  6772 

5.3579 

2.7006 

7 

6.2916 

3.0686 

.6.2781 

3.0960 

6.2645 

3.1234 

6.2508 

3.1507 

8 

7.1904 

3.5070  i7.1750 

3.5383 

7.1594 

3.5606 

7.1438 

3.6008 

9 
1 

8.0891 

3.9453 

_6_3_ 

0.4540 

18.0718 

I'm' 

'  0.8890 

3.9806 
0.4578 

8.0544 

4.0158 

8.0368 

4.0509 

27i 

62i- 
0.4617 

271 
0.8850 

62i 
0.4056 

0.8910 

0.8870 

? 

1  7820 

0.9080 

'1.7780 

0.9157 

1.7740 

0.9235 

1.7700 

0.9312 

3 

2.0730 

1.3620 

2.6670 

1.3736 

,2.6610 

,L3852 

2.6550  1.3968   \ 

^   4 

3.5640 

L8160 

3.5561 

1.8315 

3.5480 

L8470 

3.5400 

1.8624   1 

1    '"^ 

4.4550  2.2699 

4.4451 

2.2894 

4.4350 

2.3087 

4.4250 

2.3281 

1   fi 

5.3460 

2.7239 

5.3341 

2.7472 

5.3221 

2.7705 

5.3099 

2.7937 

1   7 

6.2370 

3.1779 

6.2231 

3.2051 

6.2092 

3.2322 

6.1949 

3.2593 

8 

7.1280 

.3.6319 

7.1121 

3.6030 

7.0961 

3.6940 

7.0799 

3.7249 

9 

8.0191 
E.W. 

4.0859 
N.  S. 

8.0011 
1  E.W. 

4.1209 
N.  S. 

7.9S31 

4.1553 

N.  S.- 

7.9049 

!e.  W. 

4.1905 

'n.  S. 

E.W. 
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TABLES  OP  LATITUDE 

AND 

DEPARTURE 

1 

N.  S. 

28 
0.8829 

E.  W. 

62 
0.4694 

N.  S. 
28i 

E.  AV.i 

611 
0.4733 

N.  S. 

E.W. 

N.  S. 

2SJ 

0.8766 

E.W. 

28,^ 

6U 

61i 

0.8809 

0.8788 

0.4771 

0.4810 

2 

L7659 

0.9389 

L7618 

0.9466 

1.7576 

0.9543 

L7534 

0.9620 

3 

2.64S8 

1.4084 

2.6427 

1.4199 

2.6364 

1.4315 

2.6302 

1.4430 

4 

3.5318  L8779! 

3.5236 

L8933 

3.5153 

1.90S6 

3.5069 

1.9239 

5 

4.4147 

2.3474 

4.4045 

3.3666 

4.3941 

2.3858 

4.3836 

2.4049 

fi 

5.2977 

2.8168 

5.2854 

2.8399 

5.2729 

2.8629 

5.2604 

2.8859 

7 

6.1806 

3.2863 

6.1662 

3.3132 

6.1517 

3.3401 

6.1371|.3.3669 

8 

7.0636 

3.7558 

7.0471  3.78661 

7.0305 

3.8173 

7.013S  3.8479 

9 

1 

7.9465 

4.2252 

7.9280  4.2599 
29J    1    60i 

7.9093 

4.2944 
60i 

7.8905 

29i 

0.8682 

4.3289 

29 

61 
0.4848 

29i 
0.8703 

60i 

0.8746 

:0.S725 

0.4SS6 

0.4924 

0.4962 

2 

L7492  0.9696] 

,L7450 

0.9772 

1.7407 

0.9848 

1.7364 

0.9924 

3 

2  6239 

1.45441 

,2.6175 

1.4659 

2.6111 

1.4773 

2.6046 

1.4886 

4 

3.4985 

1.9392 

3.4900 

1.9545 

3.4814 

1.9697 

3.4728 

1.9849 

5 

4.3731 

2.4240 

4.3625 

2.443  ll 

4.3518 

2.4621 

4.3410 

2.481] 

fi 

5.2477 

2.9089 

'5.2350 

2.93171 

5.2221 

2.9545 

5.2092 

2.9773 

7 

6.1223 

3.3937 

(6.1075 

3.4203 

6.0925 

3.4463 

6.0774 

3.4735 

S 

6.997013.8785 

6.9S00 

3.9090i 

6.9628 

3.9394 

7.9456 

3.9697 

9 

1 

7.8716J4.3633 

7.8525 

30i 
0.8638 

4.3976 
,    59i 
i0.5038 

7.8332 

30i- 

0.8616 

4.4318 

7.8138 
30i 

4.4669 

30 

60 
0.5000 

59i 
0.5075 

59i 

0.S660 

0.8594 

0.5113 

*? 

I.7320I1.OOOO 

L7277 

!l.0076 

1.7232 

1.0151 

L7188IL0226 

8 

2.59S1 

1.5000 

2.5915 

1.5113 

2.5849 

1.5226 

2.57S2;L5339 

4 

3.4041 

2.2000 

3.4552 

2.0151 

3.4465 

2.0301 

3.4376 

2.0452 

,T 

4.3301 

2.5000 

4.3192 

2.5189 

4.3081 

2.5377 

4.2970 

2.5564 

fi 

5.1961 

3.3000 

5.1830 

3.0226 

5.1698 

3.0452 

5.1564 

3.0677 

7 

6.0622 

3.5000 

6.0468 

!3.5264 

16.0314 

3.5528 

6.0158 

3.5790 

6.92S2 

4.0000 

6.9107 

4.0302 

6.8930 

4.0603 

6.8752 

14.0903 

9 
1 

7.7942 

4.5000 

59 
0.5150 

7.7745 

31i 

0.8549 

4.5339 
0.5188 

:7.7547 

4.5678 

7.7346 

31i 

0.8503 

4.6016 

1-^ 
0.8571 

31i 

68i 
0.5225 

58i 

0.8526 

0.5262 

'>. 

1.7143 

L0301 

1.709S 

1.0375 

L7053 

L0450 

1.7007 

1.0524 

q 

2.5715 

1.5451 

2.5647 

1.5563 

2.5579 

1.5675 

2.5510iL5786 

/| 

13.4287 

2.0602 

3.4196  2.0751 

3.4106 

2.0900 

3.4014  2.1048 

5 

14.2858 

2.5752 

4.2745  2.5939 

4.2632 

2.6125 

4.251S 

2.6311 

fi 

5.1430 

3.0902 

5.1295:3.1126 

5.1158 

3.1350 

5.1021 

3.1573 

16.0002 

3.6053 

5.98443.6314 

5.9685 

3.6575 

5.9525 

3.6835 

8 

6.8573 

4.1203 

16.8393  4.1502 

6.8211 

4.1800 

6.8028 

4.2097 

9 

7.7145 

4.6353 

7.694214.0689 

7.6738 

4.7025 

7.6532 

4.7359 

E.  W 

N.  S. 

E.W 

1  N.  S. 

E.W. 

1  N.S. 

E.W 

1  N.S. 

116 


The  Surveyors  Guide. 


TABLES  OF  LATITUDE  AND 

DEPARTURE 

1 

N.  S. 

E.W. 
58° 

N.  S. 

E.\Y. 

N.  S. 

E.W. 

57i 

0.5373 

N.  S. 

32i 

0.8410 

E.W. 
"67i" 
0.6409 

32° 
0.8480 

32i 
0.8457 

57S 

32i 
0.8434 

0.5299 

0.6336 

2 

1.6961 

1.0598 

L6914 

1.0672 

1.6868 

1.0746 

L6821 

1.0819 

•6 

2.5441 

L5897 

2.5372 

1.6008 

2.6302 

1.6119 

2.5231 

L6229 

4 

3.3922 

2.1197 

3.3829  2.1344 

3.3736 

2.1492 

3.3642 

2.1639 

5 

4.2402 

2.6496 

4.2286  2.6681 

4.2169 

2.6865 

4.2052 

2.7049. 

6 

5.0883 

3.1795 

5.0744 

3.2017 

5.0603 

3.2238 

5.0462 

3.2458' 

1 

5.9363 

3.7094 

5.9201 

3.7353 

5.9037 

3.7611  i 

5.8873 

3.7868 

8- 

6.7844 

4.2394 

6.7658 

4.2689 

6.7471 

4.29841 

6.7283 

4.3278 

9 
1 

7.6324 

4.7693 

7.6115 

4.8026 
56S 

7.5905 

4.8357 

7.5694 
33i 

4.8688 
'"56i 
0.5566 

33 

57 

33i 

33i 
0^8339 

56^ 

0.8386 

0.6446 

0.8363 

0.6483 

0.6519 

0.8314 

2 

1.6773 

L0893 

1.6726 

L0966 

L6678 

1.1039 

1.6629 

Lllll 

3 

2.5160 

L6339 

2.6089 

1.6449 

2.5017 

1.6668 

2.4944 

L6667 

4 

3.3547 

2.1786 

3.3451 

2.1932 

3.3365 

2.2077 

3.3259 

2.2223 

5 

4.1934 

2.7232 

4.1S14 

2.7415 

4.1694 

2.7697 

4.1573 

2.7778 

6 

5.0320 

3.2678 

5.0177 

3.2898 

5.0033 

3.3116 

4.9888 

3.3334 

7 

5.8707 

3.8125 

5.8540 

3.8381 

5.8372 

3.8636 

5.8203 

3.8890 

8 

6.7094 

4.3571 

6.6903 

4.3863 

6.6711 

4.4165 

6.6618 

4.4446 

9 
1 

7.5480 

4.9018 
56° 

7.5266 

4.9346 

7.5069 

4.9674 

7.4832 

6.0001 

34 

34i 

65S 

34i 

55i 
0.5664 

34S 

56i 

0.8290 

0.5592 

0.8266 

0.5628 

0.8241 

0.8216 

0.5700 

2 

L65S1 

L1184 

L6632 

1.1256 

1.6482 

1.1328 

1.6433 

1.1400 

1   3 

2.4871 

1.6776 

2.4798 

1.6884 

2.4724 

L6992 

2.4649 

1.7100 

4 

3.3162 

2.2368 

3.3063 

2.2512 

3.2965 

2.2666 

3.2866 

2.2800 

5 

4.1452 

2.7960 

4.1329 

2.8140 

4.1206 

2.8320 

4.1082 

12.8500 

6 

4.0742 

3.3552 

4.9595 

3.3768 

4.9447 

3.3984 

4.9299 

13.4200 

7  15.8033 

3.9144 

5.7861 

3.9396 

5.7689 

3.9648 

5.7515 

3.9900 

8  1 6.6323 

4.4735 

6.6127 

4.5024 

6.5930 

4.5313 

6.5732 

4.5600 

9 

1 

7.4613 
■350 

5.0327 
55 

7.4393 

5.0662 

7.4171 
35i 

5.0977 

54i 

0.5807 

7.3948 

5.1300 
"Hi" 
0.6842 

35i 

541 

351 

0.8191 

0.6736 

0.8166 

0.5771 

0.8141 

0.8116 

1^ 

1.6383 

1.1472 

1.6333 

1.1543 

1.6282 

LI  614 

1.6231 

L1685 

.S 

2.4575 

1.7207 

2.4499 

1.7314 

2.4423 

L7421 

2.4347 

1.7527 

4 

3.2766 

2.2943 

3.2666 

2.3086 

3.2565 

2.3228 

3.2463 

2.3370 

f> 

4.0968 

2.8679 

4.0832 

2.8867 

4.0706 

2.9035 

4.0679 

2.9212 

fi 

4.9149 

3.4415 

4.899? 

3.4629 

4.8847 

3.4842 

4.8694 

3.5055 

7 

5.734] 

4.0160 

5.7165 

4.0400 

5.6988 

4.0649 

5.6810 

4.0897 

a 

6.5632 

4.5886 

6.5331 

4.6172 

6.5129 

4.6466 

6.4926 

4.6740 

9 

7.3724 

6.1622 

n".  S. 

7.349S 

6.1943 

7.3270 

fETw: 

5.2263 

N.  S. 

7.3042 

5.2582 

NTs. 

E.  W. 

N.  S. 

E.W 

. 
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TABLES  OF  LATITUDE  AND  DEPARTURE.             j 

1 

!  1 

N.  S. 

E.W. 

N.  S. 

36i 

0.8064 

E.  AV. 

"63i~ 
0.5913 

N.  S. 

E.  W. 

53i" 

N.  S. 

E.  W. 

•53i 
0.5983 

36 

0.8090 

64 

364 

36S 
0.8012 

0.6878 

0.803810.5948 

\   2 

1.6181 

1,1766 

1.6129 

1.1826 

1.6077|l.lS96 

1.6025 

1.1966 

3 

2.4271 

1.7634 

2.4193 

1.7739 

2.4116 

1.7845 

2.4038 

1.7950 

4 

3.2361 

2.3511 

3.2268 

2.3662 

3.2154 

2.3793 

3.2050 

2.3933 

5 

4.0451 

2.9389 

4.0322 

2.9566 

4.0193 

2.9741 

4.0063 

2.9916 

6 

4.8641 

3.6267 

4.8387 

3.6478 

4.8231 1.3.6689 

4.8075 

3.5899 

7 

6.6631 

4.1145 

6.6461 

4.1391 

6.6270 

4.1638 

5.6088 

4.1883 

8 

6.4721 

4.7023 

6.4516 

4.7304 

0.4308 

4.7686 

6.4100 

4.7866 

9 
1 

7.2812 

6.2901 
63 

7.2580 

6.3217 

521 
0.6053 

7.2347 

5.3534 

7.2111 

5.3849 

52i 
0.6122 

37 
0.7986 

37J 

37i 
0.7933 

62i 
0.6087 

371 
0.7907 

0.6018 

0.7960 

2 

1.6973 

1.2036 

1.5920 

1.2106 

1.5867 

1.2176 

1.5814 

1.2244 

3 

2.3959 

1.8054 

2.3880 

1.8159 

2.3801 

1.8263| 

2.3721 

1.8366 

4 

3.1945 

2.4073 

3.1840 

2.4212 

3.17.34 

2.4350 

3.1628 

2.4489 

5 

3.9932 

3.0091 

3.9800 

3.0266 

3.9668 

3.0438 

3.9534 

3.0611 

6 

4.7918 

.3.61091 

14.7760 

3.6318 

4.7601 

3.6526 

4.7441 

3.6733 

7 

5.6904 

4.2127 

15.5720 

4.2371 

5.6635 

4.2613 

5.6348 

4.2855 

8 

6.3891 

4.8145 

6.3680 

4.8424 

6.3468 

4.8701 

6.3265 

4.8977 

9 
1 

7.1877 

6.4163 

7.1640 

6.4476 

7.1402 

5.4788 

7.1162 

5.5099 

38° 

62 

38i 

611   1 
0.6191 

51i 
0.6225 

38i 

61i' 
0.6269 

0.7880 

0.6156 

0.7853 

0.7826 

0.7799 

2 

1.5760 

1.2313 

1.5706 

1.2382 

1.5662 

1.2450 

1.5598 

1.2518 

3 

2.3640 

1.8470 

2.3559 

1.8673 

2.3478 

1.8676 

2.3397 

1.8778 

4 

.3.1520 

2.4626 

3.1413 

2.4764 

3.1304 

2.4900 

3.1195 

2.5037 

5 

3.9401 

3.0783 

3.9266 

3.0955 

3.9130 

3.1125 

3.8994 

3.1296 

6 

4.7281 

3.6940 

4.7119 

3.7146 

4.6956  3.736] 

4.6793 

3.7555 

7 

5.5161 

4.3096 

5.4972 

4.3337 

5.4782|4.3576 

5.4692 

4.3815 

8 

6.3041 

4.9253 

6.2826 

4.9528 

6.2608 

4.9801 

6.2391 

6.0074 

9 
1 

7.0921 

6.5409 

7.0678 

5.5718 

ToF 

7.0434 

6.6026 

7.0190 

6.6333 

50i 
0.6394 

39° 

61 

0.62931 

39i 
0.7716 

50i 
0.6361 

39i 
0.7688 

0.7771 

0.7744 

0.6327 

9. 

1.5543 

1.2586 

1.5488 

1.2654 

1.5432 

1.2621 

1.6377 

1.2789 

3 

2.3314 

1.8880 

2.3232 

1.8981 

2.3149 

1.9082 

2.3065 

1.9183 

4 

3.1086 

2.5173 

3.0976 

2.6308 

3.0865  2.64431 

3.0764 

2.6678     1 

1   •"> 

3.885713.1466 

3.8719!3.1635| 

3.858ll3.1804| 

3.8442  3.1972    i 

1   fi 

4.6629 

3.7759 

4.6463 

3.7962 

4.6297 

3.8165 

4.613013.8366   j 

1   ^ 

5.4400 

4.4052 

5.4207 

4.4289 

5.4014 

4.4525] 

6.3819'4.4761   | 

8 

6.2172 

5.0346 

6.1951 

6.0616 

6.1730 

6.08861 

6.1507 

5.1165 

9 

6.9943 

5.6639 

6.9695 

5.6943 

6.9446 

5.7247 

6.9196 
E.  W. 

5.7650 

E.W. 

N.  S. 

E.W. 

N.  S. 

E.W. 

N.  S. 

N.  S. 
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TABLES  OF  LATITUDE  AND  DEPARTURE.             [ 

1 

N.  S. 

40° 

0.7660 

E.  W. 
50 

0.6428 

N.  S. 

E.W. 

N.  S. 

E.W. 

N.S. 

E.W. 

40i 
0.-7632 

49i 

m 

49i 

401 
0.7676 

49i 

0.6461 

0.7604 

0.6494 

0.6527 

2 

1.5321 

1.2856 

L5265 

1.2922 

1.5208 

1.2989 

1.5161 

1.3055 

'6 

2.2981 

1.9284 

2.2897 

L9384 

2.2812 

1.9483 

2.2727 

1.9583 

4 

3.0642 

2.5711 

3.0529 

2.5845 

3.0416 

2.5978 

3.0303 

2.6110 

1    ^ 

3.8302 

3.2139 

3.8162 

3.2306 

3.8020 

3.2472 

3.787-8 

3.2638 

6 

4.5963 

3.8567 

4.5794 

3.8767 

J4.5624 

3.8967 

4.6464 

3.9166 

7 

5.3623 

4.4995 

5.3425 

4.6229 

6.3228 

4.6461 

6.3029 

4.6693 

8 

6.1284 

5.1423 

6.1059 

5.1690 

|6.0832 

5.1956 

6.0605 

5.2221 

9 
1 

6.8944 

5.7851 

6.8691 

5.8151 

481 

6.8436 

6.8460 
48i 

6.8181 

5.8748 
48i 
6.6659 

41 

49 

41i 
0.7518 

m 

411 
0.7460 

0.7547 

0.6560 

0.6593 

0.7489 

0.6626 

2 

1.5094 

1.3121 

L5037 

1.3187 

1.4979 

1.3252 

L4921 

1.3318 

3 

2.2041 

1.9682 

2.2555 

1.9780 

2.2468 

L9879 

2.2382 

1.9976 

4 

3.0188 

2.6242 

3.0074 

2.6374 

2.9958 

2.6505 

2.9842 

2.6635 

5 

3.7735 

3.2803 

3.7592 

3.2967 

3.7447 

3.3131 

3.7303 

3.3294 

6 

4.5283 

3.9364 

4.5110 

3.9660 

4.4937 

3.9757 

4.4764 

3.9953 

7 

5.2830 

4.5924 

6.2629 

4.6154 

6.2426 

4.6383 

5.2224 

4.6612 

8 

6.0377 

5.2485 

[6.0147 

6.2747 

5.9916 

6.3010 

5.9686 

6.3270 

9 
1 

6.7924 

5.9045 

6.7666 

5.9341 

6.7406 

5.9636 

6.7145 
'42i 

6.9929 

42 

48 
0.6691 

42i 
0.7402 

471 
0.6723 

,0.7373 

m 

0.676-6 

47i 

0.7431 

0.7343 

0.6788 

2 

1.4863 

1.3383 

1.4804 

1.3447 

11.4740 

1.3512 

1.4686 

1.3576 

3 

2.2294 

2.0074 

'2.2207 

2.0171 

2.2118 

2.0268 

2.2029 

2.0364 

4 

2.9726 

2.6765 

2.9609 

2.6895 

2.9491 

2.7024 

2.9373 

2.7152 

5 

3.7157 

3.34571 

3.7011 

3.3618 

3.6864 

3.3779 

3.6716 

3.3940 

6 

4.4589 

4.0148 

4.4413 

4.0342 

4.4237 

4.0535 

4.4059 

4.0728 

7 

5.2020 

4.6839 

5.1815 

4.7066    6.1610 

4.7291 

5.1402 

4.7516 

8  15.9452 

5.3530 

5.9218 

5.3789,  5.8982 

6.4047 

6.874616.4304   || 

9 

6.6883 

6.0222 
47 

6.6620 
0.7283 

6.0513 

46i 
0.6852 

6.6355 
1    43i 

6.0803 

6.6089 

6.1092 

1 

43 
0.7313 

m\ 

431 
0.7223 

46i 
0.69i5 

0.6S2oi 

0.7253'0.6883| 

;^ 

1.4627 

1.3640| 

1.45G7 

1.3704 

1.4507 

1.3767 

1.4447 

1..3830 

3 

2.1941 

2.0460    2.1851 

2.05561  ;2.1761 

2.0651 

2.1671  2.0745    !j 

4 

2.9254 

2.7280    2.9135'2.7407; '2.9015 

2.7534 

2.8894  2.7660    1 

5   3.6568 

3.4100    3.6418  3.4259| 

3.6269 

3.4418 

3.6118  3.4576   || 

6  i4.3881 

4.09201  4.3702 

4.1111 

4.3622 

4.1301 

4.3342 

4.1491 

7   5.1195 

4.7740    5.0986 

4.7963 

5.0776 

4.8186 

6.0565 

4.8406   i 

8   5.8508 

5.4560    5.8269 

6.4814 

6.8030 

6.5068 

6.7789 

5.5321   1 

9   6.5822 

6.1380!  6.5553 

6.1666 

N.  S. 

6.5284 
E.W. 

6.1952 

6.6013 

6.2236 

N.S.    1 



E.  W. 

N.  S. 

E.  W. 

N.  S. 

E.W. 
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tables  of  latitude  and  departure.         I 

1 

N".  S. 

E.W.I 

N.  S. 

E.W. 

N.S. 

E.W. 

45J 

N.  S. 

E.W.  1 

44° 

46 

Ui 

45i 

0.7132 

44i 

45i 
0.7040 

0.7193 

0.6946 

0.7163 

0.6978 

0.7009 

0.7102 

2 

1.4387 

1.3893 

1.4326 

1.3956 

1.4266 

1.4018 

1.4204 

1.4080 

■6 

2.1580 

2.0840 

2.1489 

2.0934 

2.1397 

2.1027 

2.1306 

2.1120 

4 

2.8774 

2.7786 

2.8652 

2.7912 

2.8630 

2.8036 

2.8407 

2.8161 

5 

3.5967 

3.4733 

3.5815 

3.4889 

3.5662 

3.5045 

3.5509 

3.5201 

6 

4.3160 

4.1679 

4.2978 

4.1867 

4.2795 

4.2054 

4.2611 

4.2241 

1 

5.0354 

4.8626 

5.0141 

4.8845 

4.9927 

4.9063 

4.9713 

4.9281 

8 

5.7547 

5.5573 

5.7304 

5.5823 

5.7060 

5.6072 

5.6816 

5.6321 

9 
1 

6.4741 

6.2519 

6.4467 

6.2801 

6.4192 

6.3081 

6.3917 

6.3361 

46 

45 

0.7071 

0.7071 

2 

1.4142 

1.4142 

3 

2.1213 

2.1213 

4 

2.8284 

2.8284 

5 

3.5355 

3.5355 

6 

4.2426 

4.2426 

7 

4.9497 

4.9497 

8 

5.6569 

5.6569 

9 

6.3640 

6.3640 

b7W. 

E.W. 

N.  S. 

N.  S. 

E.W. 

N.  S. 

E.W. 

N.  S. 

TAELES  OP  SUEYEYS 


THE    USE    OP  THE   FOREGOING  TABLES  IN  RELATION 
TO    SURVEYS. 

They  show,  by  inspection,  the  alteration  of  lati- 
tude and  departure  to  every  degree  on  the  com- 
pass, and  that  for  any  distance  not  exceeding 
100.000  links. 

In  the  uppermost  rank  of  every  division  are 
placed  the  several  angles  and  their  complements, 
to  45°,  including  the  quarter,  half,  and  three- 
quarters  of  degrees ;  and  in  the  left-hand  column 
are  lengths  of  the  measured  lines  of  the  field- 
work,  and  in  the  common  areas  are  the  difference 
of  latitude  and  departure. 

Examples. 
Suppose  the  angle  to  be  N.  E.  27J  degrees,  and 
the  line  in  the  field  measured  to  6  chains,  and 
it  be  required  to  find  the  Northings  and  Eastings 
of  that  station,  under  27J  degrees,  and  answering 
to  6  in  left-hand  column,  the  number  in  the  com- 
(120) 
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mon  area,  5.3221,  -which  shows  the  Northings  ; 
and  under  621,  (which  is  the  complement  to  that 
angle)  opposite  the  same  number  in  the  side  col- 
umn, I  find  2.7705,  which  shows  the  Easting  of 
that  station.  If  the  course  be  the  same,  and  dis- 
tance 60  chains,  remove  the  decimal  point  one 
place  to  the  right-hand,  and  the  latitude  and  de- 
parture will  be  53.221  27,705. 

And  if  the  line  were  600  chains,  the  course 
remaining  the  same,  the  Northings  would  be  532 
chains,  21  links,  and  the  Eastings  277  chains,  05 
links. 

If  the  measured  line  doth  not  consist  of  an  ex- 
act number  of  tens,  as  suppose  its  length  to  be  75 
chains,  03  links,  or  75  chains,  34  links,  and  the 
course  27J°  ;  then  under  this  angle,  and  opposite 


c. 

70  are 62.091 

6    "  4.435 

0.30  links 0.266 

0.04     "    0.035 


70  chains 32.822 

5       "     2.308 

0.30  links 0.138 

0.04     "     0.018 


Northing. 66.827     Easting 34.786 

for  75  chains,  34  links.  for  75  chains,  34  links. 

And  so  for  any  other. 

N.  B.  These  tables  will  answer  to  ^°  or  7J',  an 
arithmetical  mean  between  |°  and  J°,  or  between 
J°  and  f  °. 


Ailjr;\/-.4, 


PUBLICATIONS 


HENRY  CAREY  BAIRD, 

SUCCESSOR  TO   B.  L.  CAREY, 

,  7  Hart's  Building,  Sixlh  Street  above  Chestnut,  Philadelphia. 


SCIENTIFIC  AND  PRACTICAL. 


THE  PRACTICAL  MODEL  CALCULATOR, 

For  the  Engineer,  Machinist,  Manufacturer  of  Engine  Work, 
Naval  Architect,  Miner,  and  Millwright.  By  Oliver  Byrne, 
Compiler  and  Editor  of  the  Dictionary  of  Machines,  Mechanics, 
Engine  Work  and  Engineering,  and  Author  of  various  Mathe- 
matical and  Mechanical  Works.  Illustrated  by  numerous  En- 
gravings. Now  Complete,  One  large  Volume,  Octavo,  of  nearly 
six  hundred  pages $3.50 

It  -will  contain  such  calculations  as  are  met  with  and  required  in  the  Me- 
chanical Arts,  and  establish  models  or  standards  to  guide  practical  men.  The 
Tables  that  are  introduced,  many  of  which  are  new,  will  greatly  economize 
labour,  and  render  the  every-day  calculations  of  the  practical  man  comprehen- 
Blve  and  easy.  From  every  single  calculation  given  in  this  work  numerous 
other  calculations  are  readily  modelled,  so  that  each  may  be  considered  the  head 
of  a  numerous  family  of  practical  results. 

The  examples  selected  will  be  found  appropriate,  and  in  all  cases  taken  from 
the  actual  practice  of  the  present  time.  Every  rule  has  been  tested  by  the  un- 
erring results  of  mathematical  research,  and  confirmed  by  experiment,  when 
such  was  necessary. 

The  Practical  Model  Calculator  will  be  found  to  fill  a  vacancy  in  the  library 
of  the  practical  working-man  long  considered  a  requirement.  It  will  be  found 
to  excel  all  other  works  of  a  similar  nature,  from  the  great  extent  of  its  range, 
the  exemplary  nature  of  its  well-selected  examples,  and  from  the  easy,  simple, 
and  systematic  manner  in  which  the  model  calculations  are  established. 


NORRIS'S  HAND-BOOK  FOR  LOCOMOTIVE  ENGI- 
NEERS AND  MACHINISTS: 

Comprising  the  Calculations  for  Constructing  Locomotives 
Manner  of  setting  Valves,  &c.  &c.  By  Septimus  Norris,  Civil 
and  Mechanical  Engineer.  In  One  Volume,  12mo.,  with  illus- 
trations  $1.50 

With  pleasure  do  we  meet  with  such  a  work  as  Messrs.  Norris  and  Baird  have 
given  us. — Artisan. 

In  this  work,  he  has  given  what  are  called  the  "  secrets  of  the  business,"  in 
the  rules  to  construct  locomotives,  in  order  that  the  million  should  be  leaineii 
in  all  thins»  — &ie.niiR,Q  American.  1 


THE  ARTS  OF  TANNING  AND  CURRYING 

Theoretically  and  Practically  considered  in  all  their  details. 
Being  a  full  and  comprehensive  Treatise  on  the  Manufacture  of 
the  various  kinds  of  Leather.  Illustrated  by  over  two  hundred 
Engravings.  Edited  from  the  French  of  De  Fontenelle  and 
Malapeyere.  With  numerous  Emendations  and  Additions,  by 
Campbell  Morfit,  Practical  and  Analytical  Chemist.  Com- 
plete in  one  Volume,  octavo $5.00 

This  important  Treatise  will  be  found  to  cover  the  whole  field  in  the  most 
masterly  manner,  and  it  is  believed  that  in  no  other  branch  of  applied  science 
could  more  signal  service  be  rendered  to  American  Manufacturers. 

The  publisher  is  not  aware  that  in  any  other  work  heretofore  issued  in  this 
country,  more  space  has  been  devoted  to  this  subject  than  a  single  chapter ; 
and  in  offering  this  volume  to  so  large  and  intelligent  a  class  as  American 
Tanners  and  Leather  Dressers,  he  feels  eoufident  of  their  substantial  support 
and  encouragement. 


THE  PRACTICAL  COTTON-SPINNER  AND  MANTJ- 
FACTURER;  Or,  The  Manager's  and  Overseer's 
Companion. 

This  works  contains  a  Comprehensive  System  of  Calculations 
for  Mill  Gearing  and  Machinery,  from  the  first  moving  power 
through  the  different  processes  of  Carding,  Drawing,  Slabbing, 
Roving,  Spinning,  and  Weaving,  adapted  to  American  Machinery, 
Practice,  and  Usages.  Compendious  Tables  of  Yarns  and  Reeds 
are  added.  Illustrated  by  large  Working-drawings  of  the  most 
approved  American  Cotton  Machinery.  Complete  in  One  Volume, 

octavo $3.50 

This  edition  of  Scott's  Cotton-Spinner,  by  Oliver  Btmte,  is  designed  for  the 
American  Operative.  It  will  be  found  intensely  practical,  and  will  be  of  the 
greatest  possible  value  to  the  Manager,  Overseer,  and  Workman. 


THE  PRACTICAL  METAL-WORKER'S  ASSISTANT, 

For  Tin-Plate  Workers,  Brasiers,  Coppersmiths,  Zinc-Plate 
Ornamenters  and  Workers,  Wire  Workers,  Whitesmiths,  Black- 
smiths, Bell  Hangers,  Jewellers,  Silver  and  Gold  Smiths,  Elec- 
trotypers,  and  all  other  Workers  in  Alloys  and  Metals.  By 
Charles  Holtzappfel.      Edited,  with  important  additions,  by 

Oliver  Byrne.    Complete  in  One  Volume,  octavo $4.00 

It  will  treat  of  Casting,  Founding,  and  Forging;  of  Tongs  and  other  Tools; 
Degrees  of  Heat  and  Managemnet  of  Fires;  Welding;  of  Heading  and  Swage 
Tools;  of  Punches  and  Anvils;  of  Hardening  and  Tempering;  of  Malleable  Iron 
Castings,  Case  Hardening,  Wrought  and  Cast  Iron.  The  management  and  ma- 
nipulation of  Metals  and  Alloys,  Melting  and  Mixing.  The  management  of  Fuiv 
naces.  Casting  and  Founding  with  Metallic  Moulds,  Joining  and  Working  Sheet 
Metal.  Peculiarities  of  the  different  Tools  employed.  Processes  dependent  on 
the  ductility  of  Metals.  Wire  Drawing,  Drawing  Metal  Tubes,  Soldering.  The 
■use  of  the  Blowpipe,  and  every  other  known  Metal-Worker's  Tool.  To  the 
works  of  Holtzappfel,  Olivek  Byrne  has  added  all  that  is  useful  and  peculiai 
K)  the  American  Metal- Worker. 


THE  MANUFACTURE  OF  IHOIT  IN  ALL  ITS 
VARIOUS  BRANCHES: 

To  which  is  added  an  Essay  on  the  Manufacture  of  Steel,  hy 
Frederick  Overman,  Mining  Engineer,  with  one  hundred  and 
fifty  Wood  Engravings.  A  new  edition.  In  One  Volume,  oc- 
tavo, five  hundred  pages $5.00 

We  hare  now  to  announce  the  appearance  of  another  valuable  work  on  the 
,  subject  which,  in  our  humble  opinion,  supplies  any  deficiency  which  late  im- 
provements and  discoveries  may  have  caused,  from  the  lapse  of  time  since  the 
date  of  '•  Mushet"  and  "  Schriveuor."  It  is  the  production  of  one  of  our  trans- 
atlantic brethren,  Mr.  Frederick  Overman.  Mining  Engineer;  and  we  do  not 
hesitate  to  .set  it  down  as  a  work  of  great  importance  to  all  connected  with  the 
iron  interest;  one  which,  while  it  is  sufficiently  technological  fully  to  explain 
chemical  analysis,  and  the  various  phenomena  of  iron  under  different  circum- 
stances, to  the  satisfaction  of  the  most  fastidious,  is  written  in  that  clear  and 
comprehensive  style  as  to  be  available  to  the  capacity  of  the  humblest  mind, 
and  consequently  will  be  of  much  advantage  to  those  works  where  the  proprie- 
tors may  see  the  desirability  of  placing  it  in  the  hands  of  their  operatives.— 
London  Morning  Journal. 


A  TREATISE  ON  THE  AMERICAN  STEAM-ENGINE. 

Illustrated  by  numerous  AVood  Cuts  and  other  Engravings. 
By  Oliver  Byrne.     In  One  Volume.  (In  press.) 


PROPELLERS  AND  STEAM  NAVIGATION: 

With  Biographical  Sketches  of  Early  Inventors.  By  Kobert 
MAcrARLANE,  C.  E.,  Editor  of  the  "  Scientific  American."  In 
One  Volume,  12mo.  Illustrated  by  over  Eighty  Wood  Engrav- 
ings  75  cts 

The  object  of  this  "History  of  Propellers  and  Steam  Navigation"  is  twofold 
One  is  the  arrangement  and  description  of  many  devices  which  have  been 
vented  to  propel  vessels,  in  order  to  prevent  many  ingenious  men  from  wasting 
their  time,  talents,  and  money  on  such  projects.  The  immense  amount  of  time, 
study,  and  money  thrown  away  on  such  contrivances  is  beyond  calculation 
Jn  this  respect,  it  is  hoped  that  it  will  be  the  means  of  doing  some  good.— 
Preface. 


A  TREATISE  ON  SCREW-PROPELLERS  AND 
THEIR  STEAM-ENGINES. 

With  Practical  Rules  and  Examples  by  which  to  Calculate 
and  Construct  the  same  for  any  description  of  Vessels.  By  J. 
W.  Nystrom.  Illustrated  by  thirty-two  large  working  Draw- 
ings.    In  one  Volume,  octavo |3.50 
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PRACTICAL  SERIES. 


THE  AMERICAN  MILLER  AND  MILLWRIGHT'S  ASSIST- 
ANT.    $1. 

THE  TURNER'S  COMPANION.     75  cts. 

THE  PAINTER,  GILDER,  AND  VARNISHER'S  COMPA- 
NION.    75  cts. 

THE  DYER  AND  COLOUR-MAKER'S  COMPANION.    75  cts. 

THE  BUILDER'S  COMPANION.     $1. 

THE  CABINET-MAKER'S  COMPANION.     75  cts. 

A  TREATISE  ON  A  BOX  OF  INSTRUMENTS.  Bt  Thomas 
Kentish.     $1. 

THE  PAPER-HANGER'S  COMPANION.  Bt  J.  Areowsmith. 
75  cts. 

THE  ASSATER'S  GUIDE.     Bt  Oscab,  M.  Liebeb.    75  cts. 

THE  COMPLETE  PRACTICAL  BREWER.  BtM.  L.  Bten.  $1. 

THE  COMPLETE  PRACTICAL  DISTILLER.  BtM.  L.  Btrn.  $1. 

THE  BOOKBINDER'S   MANUAL. 

THE  PYROTECHNIST'S  COMPANION.  Bt  G.  W.  Morti- 
mer.    75  cts. 

WALKER'S  ELECTROTYPE  MANIPULATION.     75  cts. 

COLBURN  ON  THE  LOCOMOTIVE  ENGINE.     75  cts. 


THE  AMERICAIT  MILLER  AND  MILLWRIGHT'S 
ASSISTANT: 

By  William  Carter  Hughes,  Editor  of  "  The  American  Mil- 
ler," (newspaper,)  Buffalo,  N.  Y.  Illustrated  by  Drawings  of 
the  most  approved  Machinery.     In  One  Volume,  12mo $1 

The  author  ofiFers  it  as  a  substantial  reference,  instead  of  speculative  theories, 
which  belong  only  to  those  not  immediately  attached  to  the  business.  Special 
notice  is  also  given  of  most  of  the  essential  improvements  which  have  of  late 
been  introduced  for  the  benefit  of  the  Miller. — Savannah  Republican. 

The  whole  business  of  making  flour  is  most  thoroughly  treated  by  him. — 
Bulletin 

A  very  comprehensive  view  of  the  Millwright's  husiness.— Southern  Literary 
ger. 


THE  TURNER'S  COMPANION: 

Containing  Instructions  in  Concentric,  Elliptic,  and  Eccentric 
Turning.  Also,  various  Plates  of  Chucks,  Tools,  and  Instru- 
ments, and  Directions  for  using  the  Eccentric  Cutter,  Drill, 
Vertical  Cutter,  and  Circular  Rest ;  "with  Patterns  and  Instruc- 
tions for  working  them.  Illustrated  by  numerous  Engravings. 
In  One  Volume,  12mo 75  cts. 

The  object  of  the  Turner's  Companion  is  to  explain  in  a  clear,  concise,  and 
Intelligible  manner,  the  rudiments  of  this  beautiful  art. — Savannah  Republican. 

There  is  no  description  of  turning  or  lathe-work  that  this  elegant  little  treatise 
does  not  describe  and  illustrate  — Western  Lit.  Messenger. 


THE  PAINTER,  GILDER,  AND  VARNISHER'S. 
COMPANION: 

Containing  Rules  and  Eegulations  for  every  thing  relating  to 
the  arts  of  Painting,  Gilding,  Varnishing,  and  Glass  Staining : 
numerous  useful  and  valuable  Receipts ;  Tests  for  the  detection 
of  Adulterations  in  Oils,  Colours,  &c.,  and  a  Statement  of  the 
Diseases  and  Accidents  to  -which  Painters,  Gilders,  and  Var- 
nishers  are  particularly  liable ;  Tvith  the  simplest  methods  of 
Prevention  and  Remedy.    In  one  vol.  small  12mo.,  cloth.    75cts. 

Rejecting  all  that  appeared  foreign  to  the  subject,  the  compiler  has  omitted 
nothing  of  real  practical  worth. — Hunt's  Merchant's  Magazine. 

An  excellent  practical  work,  and  one  which  the  practical  man  cannot  afford 
to  he  without. — Farmer  and  Mechanic. 

It  contains  every  thing  that  is  of  interest  to  persons  engaged  In  this  trade. 
— Bulletin. 

This  hook  will  prove  valuable  to  all  whose  business  is  in  any  way  connected 
with  painting. — Scott's  Weekly. 

Cannot  fail  to  be  useful.— iV.  T.  Commercial. 


THE  BUILDER'S  POCKET  COMPANION: 

Containing  the  Elements  of  Building,  Surveying,  and  Archi- 
tecture ;  "with  Practical  Rules  and  Instructions  connected  with 
the  subject.  By  A.  C.  Smeaton,  Civil  Engineer,  &c.  In  one 
volume,  12mo.    $1. 

Contents  : — The  Builder,  Carpenter,  Joiner,  Mason,  Plas- 
terer, Plumber,  Painter,  Smith,  Practical  Geometry,  Surveyor, 
Cohesive  Strength  of  Bodies,  Architect. 

It  gives,  in  a  small  space,  the  most  thorough  directions  to  the  builder,  from 
the  laying  of  a  brick,  or  the  felling  of  a  tree,  up  to  the  most  elaborate  pro- 
duction of  ornamental  architecture.  It  is  scientific,  without  being  obscure  and 
unintelligible,  and  every  house-carpenter,  master,  journeyman,  or  apprentice, 
should  have  a  copy  at  hand  always. — Evening  Bulletin. 

Complete  on  the  subjects  of  which  it  treats.  A  most  useful  practical  work. 
— Bait.  American. 

It  must  be  of  great  practical  utility. — Savannah  Republican. 

To  whatever  branch  of  the  art  of  building  the  reader  may  belong,  he  will 
find  in  this  something  valuable  and  calculated  to  assist  his  progress. — Farmer 
and  Mechanic. 

This  is  a  valuable  little  volume,  designed  to  assist  the  student  in  the  acquisi- 
tion of  elementary  knowledge,  and  will  be  found  highly  advantageous  to  every 
young  man  who  has  devoted  himself  to  the  interesting  pursuits  81  which  it 
treats. — Ya.  Herald, 

1* 


THE  DYER  AND  COLOUE-MAKEE'S  COM- 
TANIOIS: 

Containing  up-wards  of  two  hundred  Receipts  for  making  Co 
lors,  on  the  most  approved  principles,  for  all  the  various  styles 
and  fabrics  now  in  existence;  with  the  Scouring  Process,  and 
plain  Directions  for  Preparing,  Washing-ofF,  and  Finishing  the 
Goods.     In  one  volume,  small  12mo.,  cloth.     75  cts. 

This  is  another  of  that  most  excellent  class  of  practical  books,  which  the 
publisher  is  giving  to  the  public.  Indeed  we  believe  there  is  not,  for  manu- 
facturers, a  more  valuable  work,  having  been  prepared  for,  and  expressly 
adapted  to  their  business. — Farmer  and  Mechanic. 

It  is  a  valuable  book. — Otsego  Republican. 

We  have  shown  it  to  some  practical  men,  who  all  pronounced  it  the  completest 
thing  of  the  kind  they  had  seen — N.  Y.  Nation. 

/ 

THE  CABIKET-MAKEE  AND  UPHOLSTERER'S 
COMPANION: 

Comprising  the  Rudiments  and  Principles  of  Cabinet  Making 
and  Upholstery,  with  familiar  instructions,  illustrated  by  Ex- 
amples, for  attaining  a  proficiency  in  the  Art  of  Drawing,  as 
applicable  to  Cabinet  Work ;  the  processes  of  Veneering,  Inlay- 
ing, and  Buhl  Work ;  the  art  of  Dyeing  and  Staining  Wood, 
Ivory,  Bone,  Tortoise-shell,  etc.  Directions  for  Lackering,  Ja- 
panning, and  Varnishing ;  to  make  French  Polish;  to  prepare 
the  best  Glues,  Cements,  and  Compositions,  and  a  number  of 
Receipts  particularly  useful  for  Workmen  generally,  with  Ex- 
planatory and  Illustrative  Engravings.  By  J.  Stokes.  In  one 
volume,  12mo.,  with  illustrations.    Second  Edition,    75  cts. 


THE  PAPER-HANGER'S  COMPANION: 

In  which  the  Practical  Operations  of  the  Trade  are  system 
atically  laid  down ;  with  copious  Directions  Preparatory  to  Pa 
pering  ;  Preventions  against  the  effect  of  Damp  in  Walls  ;  the 
various  Cements  and  Pastes  adapted  to  the  several  purposes  of 
the  Trade ;  Observations  and  Directions  for  the  Panelling  and 
Ornamenting  of  Rooms,  &c.  &C.  By  James  Arbowsmith.  In 
One  Volume,  12mo.     75  cts. 


THE  ANALYTICAL  CHEMIST'S  ASSISTANT: 

A  Manual  of  Chemical  Analysis,  both  Qualitative  and  Quan- 
titative, of  Natural  and  Artificial  Inorganic  Compounds ;  to 
■which  are  appended  the  Rules  for  Detecting  Arsenic  in  a  Case 
of  Poisoning.  By  Frederik  Wcehler,  Professor  of  Chemistry 
in  the  University  of  Gottingen.  Translated  from  the  German, 
•with  an  Introduction,  Illustrations,  and  copious  Additions,  by 
Oscar  M.  Libber,  Author  of  the  "Assayer's  Guide."  In  one 
Volume,  12mo,     $1.25. 


RURAL  CHEMISTRY: 

An  Elementary  Introduction  to  the  Study  of  the  Science,  in 
its  relation  to  Agriculture  and  the  Arts  of  Life.  By  Edward 
SoLLET,  Professor  of  Chemistry  in  the  Horticultural  Society 
of  London.  From  the  Third  Improved  London  Edition.  12mo. 
$1.25.  

THE  FRUIT,  FLOWER,  AND  KITCHEN  GARDEN. 

By  Patrick  Neill,  L.L.D. 
Thoroughly  revised,  and  adapted  to  the  climate  and  seasons 
of  the  United  States,  by  a  Practical  Horticulturist.     Illustrated 
by  numerous  Engravings.     In  one  volume,  12mo.     $1.25. 


HOUSEHOLD  SUR&ERY;  OR,  HINTS  ON  EMER- 
GENCIES. 
By  J.  F.   South,  one  of  the  Surgeons  of  St.  Thomas's  Hos- 
pital.    In  one  volume,  12mo.     Illustrated  by  nearly  fifty  En- 
gravings.    $1.25. 


HOUSEHOLD  MEDICINE. 

In  one  volume,  12mo.     Uniform  -with,  and  a  companion  to, 
the  above.     (In  immediate  preparation.) 
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THE  COMPLETE  PRACTICAL  BREWER; 

Or,  Plain,  Concise,  and  Accurate  Instructions  in  the  Art  of 
Brewing  Beer,  Ale,  Porter,  &c.  &c.,  and  the  Process  of  Making 
all  the  Small  Beers.  By  M.  Lafayette  Btkn,  M.  D.  With 
Illustrations,  12mo.    $1. 


THE  COMPLETE  PRACTICAL  DISTILLER; 

By  M.  Lafayette  Byrn,  M.  D.   With  Illustrations,  12mo.  $1. 


THE  ENCYCLOPEDIA  OF  CHEMISTRY,  PRACTI- 
CAL AND  THEORETICAL : 

Embracing  its  application  to  the  Arts,  Metallurgy,  Mineralogy, 
Geology,  Medicine,  and  Pharmacy.  By  James  C.  Booth,  Melter 
and  Refiner  in  the  United  States  Mint ;  Professor  of  Applied 
Chemistry  in  the  Franklin  Institute,  etc.;  assisted  by  Campbell 
MoEFiT,  author  of  "  Chemical  Manipulations,"  etc.  Complete 
in  one  volume,  royal  octavo,  978  pages,  with  numerous  wood 
cuts  and  other  illustrations.    $5. 

It  covers  the  whole  field  of  Chemistry  as  applied  to  Arts  and  Sciences.  *  «  * 
As  no  library  is  complete  without  a  common  dictionary,  it  is  also  our  opinion 
that  none  can  be  without  this  Encyclopedia  of  Chemistry. — Scientific  American. 

A  work  of  time  and  labour,  and  a  treasury  of  chemical  information. — North, 
American. 

By  far  the  best  manual  of  the  kind  which  has  been  presented  to  the  Ameri- 
can public. — Boston  Courier. 


PERFUMERY;  ITS  MANUFACTITRE  AND  DSE. 

With  Instructions  in  every  branch  of  the  Art,  and  Receipts 
for  all  the  Fashionable  Preparations  ;  the  whole  forming  a  valu- 
able aid  to  the  Perfumer,  Druggist,  and  Soap  Manufacturer. 
Illustrated  by  numerous  Wood-cuts.  From  the  French  of  Cel- 
nart,  and  other  late  authorities.  With  Additions  and  Improve- 
ments by  Campbell  Mokfit,  one  of  the  Editors  of  the  "  Ency- 
clopedia of  Chemistry."     In  one  volume,  12mo.,  cloth.     $1.50 
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A  TREATISE  ON  A  BOX  OF  INSTRUMENTS, 

And  the  Slide  Etjle,  -with  the  Theory  of  Tx-igonometry  and 
Logarithms,  including  Practical  Geometry,  Surveying,  Measur- 
ing of  Timber,  Cask  and  Malt  Gauging,  Heights  and  Distances- 
By  Thomas  Kentish.     In  One  Volume,  12mo.     $1. 


THE  LOCOMOTIVE  ENGINE: 

Including  a  Description  of  its  Structure,  Eules  for  Estimating 
its  Capabilities,  and  Practical  Observations  on  its  Construction 
and  Management.     By  Zerah  Colbuen,  12mo 75  cts. 


SYLLABUS  OE  A  COMPLETE  COURSE  OE  LEC- 
TURES ON  CHEMISTRY: 

Including  its  Application  to  the  Arts,  Agriculture,  and  Mining, 
prepared  for  the  use  of  the  Gentlemen  Cadets  at  the  Hon.  E.  I. 
Co.'s  Military  Seminary,  Addiscombe.  By  Professor  E.  Solly, 
Lecturer  on  Chemistry  in  the  Hon.  E.  I.  Co.'s  Military  Seminary. 
Kevised  by  the  Author  of  "Chemical  Manipulations."  In  one 
volume,  octavo,  cloth.     $1.25. 


THE  ASSAYER'S  GUIDE; 

Or,  Practical  Directions  to  Assayers,  Miners,  and  Smelters, 
for  the  Tests  and  Assays,  by  Heat  and  by  Wet  Processes,  of  the 
Ores  of  all  the  principal  Metals,  and  of  Gold  and  Silver  Coins 
and  Alloys.  By  Oscab.  M.  Libber,  late  Geologist  to  the  State 
of  Mississippi.    12mo.    With  Illustrations.    75  cts. 


THE  BOOKBINBER'S  MANUAL. 
Complete  in  one  Volume,  12mo.  (in  press.) 
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ELECTEOTYPE  MAmPITLATION : 

Being  the  Theory  and  Plain  Instructions  in  the  Art  of  Working 
in  Metals,  by  Precipitating  them  from  their  Solutions,  through 
the  agency  of  Galyanic  or  Voltaic  Electricity.  By  Charles  V. 
Walkek,  Hon.  Secretary  to  the  London  Electrical  Society,  etc 
Illustrated  by  Wood-cuts.  A  New  Edition,  from  the  Twenty- 
fifth  London  Edition.     12mo.    75  cts. 


PHOTOGEmC  MANIPULATION: 

Containing  the  Theory  and  Plain  Instructions  in  the  Art  of 
Photography,  or  the  Productions  of  Pictures  through  the  Agency 
of  Light ;  including  Calotype,  Chi-ysotype,  Cyanotype,  Chroma- 
type,  Energiatype,  Anthotype,  Amphitype,  Daguerreotype, 
Thermography,  Electrical  and  Galvanic  Impressions.  By 
Seorge  Thomas  Fisher,  Jr.,  Assistant  in  the  Laboratory  of 
the  London  Institution.  Illustrated  by  wood-cuts.  In  one  vo- 
lume, 24mo.,  cloth.     62  cts. 


MATHEMATICS  FOR  PHACTICAL  MEN : 

Being  a  Common-Place  Book  of  Principles,  Theorems,  Rules, 
and  Tables,  in  various  departments  of  Pure  and  Mixed  Mathe- 
matics, with  their  Applications ;  especially  to  the  pursuits  of 
Surveyors,  Architects,  Mechanics,  and  Civil  Engineers,  with  nu- 
merous Engravings.    By  Olinthus  Gregory,  L.  L.  D.    $1.50. 

Only  let  men  awake,  anrl  fix  their  eyes,  one  wliile  on  the  nature  of  thinp:?, 
another  while  on  the  application  of  them  to  the  use  and  service  of  mankind. 
—Lord  Bacon. 


EXAMINATIONS    OF   DRUGS,  MEDICINES,  CHE- 
MICALS,  &c. 

As  to  their  Purity  and  Adulterations.  By  C.  H.  Peiece,  M.D., 
Translator  of  "Stockhardt's  Chemistry,"  Examiner  of  Medicines 
for  the  Port  of  Boston,  &c.  &c.     12mo,  cloth $1.25 
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SHEEP-HUSBANDEY  IN  THL  SOUTH: 

Comprising  a  Treatise  on  the  Acclimation  of  Sheep  in  the 
Southern  States,  and  an  Account  of  the  different  Breeds.  Also, 
a  Complete  Manual  of  Breeding,  Summer  and  Winter  Manage- 
ment, and  of  the  Treatment  of  Diseases.  With  Portraits  and 
other  Illustrations.  By  Henbt  S.  Randall.  In  One  Volume, 
octavo $1.25 


ELWOOD'S  GKAIN  TABLES: 

Showing  the  value  of  Bushels  and  Pounds  of  different  kinds 
of  Grain,  calculated  in  Federal  Money,  so  arranged  as  to  exhibit 
upon  a  single  page  the  value  at  a  given  price  from  ten  cents  to  two 
dollars  per  bushel,  of  any  quantity  from  one  pound  to  ten  thousand 
bushels.  By  J.  L.  Elwood.  A  new  Edition.  In  One  Volume, 
12mo $1 

To  Millers  and  Produce  Dealers  this  work  is  pronounced  by  all  who  have  it 
in  use,  to  he  superior  in  arrangement  to  any  work  of  the  kind  published — and 
tintrring  accuracy  in  every  calculation  may  he  relied  upon  in  every  instance. 

4®=*  A  reward  of  Twenty-five  Dollars  is  offered  for  an  error  of  one  cent  found 
in  the  work. 


MISS  LESLIE'S  COMPLETE  COOKERY. 

Directions  for  Cookery,  in  its  Various  Branches.  By  Miss 
Leslie.  Forty-seventh  Edition.  Thoroughly  Revised,  with  the 
Addition  of  New  Receipts.  In  One  Volume,  12mo,  half  bound, 
or  in  sheep $1 

In  preparing  a  new  and  carefully  revised  edition  of  this  my  first  work  on 
cookery,  I  have  introduced  improvements,  corrected  errors,  and  added  new 
receipts,  that  I  trust  will  on  trial  be  found  satisfactory.  The  success  of  the 
book  (proved  by  its  immense  and  increasing  circulation)  affords  conclusive  evi- 
dence that  it  has  obtained  the  approbation  of  a  large  number  of  my  country- 
women; many  of  whom  have  informed  me  that  it  has  made  practical  house- 
wives of  young  ladies  who  have  entered  into  married  life  with  no  other  acquire- 
ments than  a  few  showy  accomplishments.  Gentlemen,  also,  have  told  me  of 
great  improvements  in  the  family  table,  after  presenting  their  wives  with  this 
manual  of  domestic  cookery,  and  that,  after  a  morning  devoted  to  the  fatigues 
of  business,  they  no  longer  find  themselves  subjected  to  the  annoyance  of  an 
ill-dressed  dinner.— Pre/ace. 


MISS  LESLIE'S  TWO  HUNDRED  RECEIPTS  IN 
FRENCH  COOKERY. 

A  new  Edition,  in  cloth 25  cts. 
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THE  DYER'S  INSTRUCTOR, 

Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk, 
Cotton,  Wool  and  "Worsted  and  Woollen  Goods,  &c.,  containing 
nearly  800  Receipts,  to  which  is  added  the  Art  of  Padding  and 
the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefs,  and  the 
various  Mordants  and  Colours  for  the  different  styles  of  such 
■work.  By  David  Smith,  Pattern  Dyer,  1  vol.  12mo,  (just 
published) $1.50 


TWO  HUNDRED  DESIGNS  FOR  COTTAGES  AND 
VILLAS,  &c.  &c. 

Original  and  Selected.  By  Thomas  U.  Walter,  Architect  of 
Girard  College,  and  John  Jay  Smith,  Librarian  of  the  Phila- 
delphia Library.     In  Four  Parts,  quarto $10 


GUIDE  FOR  WORKERS  IN  METALS  AND  STONE. 

Consisting  of  Designs  and  Patterns  for  Gates,  Piers,  Balcony 
and  Cemetery  Railing,  Window  Guards,  Balustrades,  Stair- 
cases, Verandas,  Fanlights,  Lamps  and  Lamp  Posts,  Palisades, 
Monuments,  Mantles,  Gas  Fittings,  Stoves,  Stands,  Candlesticks, 
Silver  and  Plated  Ware,  Chandeliers,  Candelabras,  Potters' 
Ware,  &c.  &c.  By  T.  U.  Walter,  Axchitect,  and  John  Jay 
Smith,  4  vols.  4to,  plates $10 


FAMILY  ENCYCLOPEDIA 

Of  Useful  Knowledge  and  General  Literature;  containing 
about  Four  Thousand  Articles  upon  Scientific  and  Popular  Sub- 
jects. With  Plates.  By  John  L.  Blake,  D.  D.  In  One  Vo- 
lume, 8vo,  cloth  extra $3.50 


THE  PYROTECHNIST'S  COMPANION; 

Or,  A  Familiar  System  of  Recreative  Fire-Works.     By  G.  W. 
MoETiMEB.   Illustrated  by  numerous  Engravings.    12mo.  75cts 
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STANDARD  ILLUSTRATED  POETRY. 


THE  TALES  AND  POEMS  OF  LORD  BYRON: 

Illustrated  by  Henry  Warren.      In  One  Volume,  royal  8vo. 

with  10  Plates,  scarlet  cloth,  gilt  edges $5 

Morocco  extra '. $7 

It  is  illustrated  by  several  elegant  engravings,  from  original  designs  by 
Waeren,  and  is  a  most  splendid  worli  for  the  parlour  or  study. — Boston  Evening 
Gazette. 


CHILDE  HAROLD;  A  ROMAITNT  BY  LORD  BYRON: 

Illustrated  by  12  Splendid  Plates,  by  Warren  and  others.    In 

One  Volume,  royal  8vo.,  cloth  extra,  gilt  edges $5 

Morocco  extra $7 

Printed  in  elegant  style,  with  splendid  pictures,  far  superior  to  any  thing  of 
the  sort  usually  found  in  books  of  this  kind. — N.  T.  Courier. 


THE  FEMALE  POETS  OF  AMERICA. 

By  ExTFus  W.  Gkiswold.     A  new  Edition.     In  One  Volume, 

royal  8vo.     Cloth,  gilt $2.50 

Cloth  extra,  gilt  edges $3 

Morocco  super  extra $4.50 

The  best  production  which  has  yet  come  from  the  pen  of  Dr.  Geiswold,  and 
the  most  valuable  contribution  wMch  he  has  ever  made  to  the  literary  celebrity 
of  the  country. — N.  Y.  Tribune. 


THE  LADY  OF  THE  LAKE: 

By  Sir  Walter  Scott.     Illustrated  with  10  Plates,  by  Cor- 
BOtTLD  and  Meadows.     In  One  Volume,  royal  8vo.     Bound  in 

cloth  extra,  gilt  edges $5 

Turkey  morocco  super  extra $7 

This  is  one  of  the  most  truly  beautiful  books  which  has  ever  issued  from  the 
American  press. 


LALLA  ROOKH;  A  ROMANCE  BY  THOMAS  MOORE: 

Illustrated  by  13  Plates,  from  Designs  by  Coreould,  Mea- 
dows, and  Stephanoff.     In  One  Volume,  royal  8vo.     Bound  in 

cloth  extra,  gilt  edges $5 

Turkey  morocco  super  extra $7 
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THE  POETICAL  WORKS  OF  THOMAS  GRAY: 

With  Illustrations  by  C.  W.  Radcliff.  Edited  with  a  Memoir, 
by  Henet  Reed,  Professor  of  English  Literature  in  the  Uni- 
versity of  Pennsylvania.     In  One  Volume,  8vo.    Bound  in  cloth 

extra,  gilt  edges $3.50 

Turkey  morocco  super  extra $5.50 

In  One  Volume,  12mo,  without  plates,  cloth i |1.25 

Do.  do.  do.  cloth,  gilt  edges.... $1.50 

We  have  not  seen  a  specimen  of  typographical  luxury  from  the  American 
press  which  can  surpass  this  volume  in  choice  elegance. — Boston  Courier. 

It  is  eminently  calculated  to  consecrate  among  American  readers,  (if  they 
have  not  been  consecrated  already  in  their  hearts,)  the  pure,  the  elegant,  the 
refined,  and,  in  many  respects,  the  sublime  imaginings  of  Thomas  Geay.— 
JRichvumd  Whig. 


THE  POETICAL  WORKS  OF  HENRY  WADSWORTH 
LONGFELLOW: 

Illustrated  by  10  Plates,  after  Designs  by  D.  HuNTiNanoN, 
■with  a  Portrait.     Ninth  Edition.     In  One  Volume,  royal  8vo. 

Bound  in  cloth  extra,  gilt  edges $5 

Morocco  super  extra $7 

This  is  the  very  luxury  of  literature— Longfellow's  charming  poems  pre- 
■ented  in  a  form  of  unsurpassed  beauty.— iVecrf's  Gazette. 


POETS  AND  POETRY  OF  ENGLAND  IN  THE  NINE- 
TEENTH CENTURY. 

By  Rtjfus  W.  Griswold.    Illustrated.    In  One  Volume,  royal 

8vo.    Bound  in  cloth $3 

Cloth  extra,  gilt  edges $3.50 

Morocco  super  extra $5 

Such  is  the  critical  acumen  discovered  in  these  selfections,  that  scarcely  a  page 
is  to  be  found  but  is  redolent  with  beauties,  and  the  volume  itself  may  be  re- 
garded as  a  galaxy  of  literary  pearls. — Democratic  Keview. 


THE  TASK,  AND  OTHER  POEMS. 

By  William  Cowper.     Illustrated  by  10  Steel  Engravings. 

In  One  Volume,  12mo.     Cloth  extra,  gilt  edges $2 

Morocco  extra $3 

"  The  illustrations  in  this  edition  of  Cowper  are  most  exquisitely  designed  and 
engraved." 
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THE  FEMALE  POETS  OE  GREAT  BRITAIN. 

With  Copious  Selections  and  Critical  Remarks.    By  Fkedekio 

RowTON.     With  Additions.     Illustrations.     8vo,  cloth $2.50 

Cloth  extra,  gilt  edges |3.00 

Turkey  morocco,  super $4.50 

Mr.  KowTON  has  presented  us  with  admirably  selected  specimens  of  nearly 
one  hundred  of  the  most  celebrated  female  poets  of  Great  Britain,  from  the 
time  of  Lady  Juliana  Bernes,  the  first  of  whom  there  is  any  record,  to  the 
Mitfords,  the  Hewitts,  the  Cooks,  the  Barretts,  and  others  of  the  present  day. — 
Hunt's  ilcrchants'  Magazine. 


SPECIMENS  OF  THE  BRITISH  POETS. 

Prom  the  time  of  Chaucer  to  the  end  of  the  Eighteenth  Cen- 
tury. By  Thomas  Campbell.  In  One  Volume,  royal  8to. 
(In  press.) 


THE  POETS  AND  POETRY  OF  THE  ANCIENTS: 

By  William  Petek,  A.  M.  Comprising  Translations  and 
Specimens  of  the  Poets  of  Greece  and  Rome,  with  an  elegant 

engraved  View  of  the  Coliseum  at  Rome.  Bound  in  cloth $3 

Cloth  extra,  gilt  edges $3.50 

Turkey  morocco  super  extra $5 

It  is  without  fear  that  we  say  that  no  such  excellent  or  complete  collection 
has  ever  been  made.  It  is  made  with  skill,  taste,  and  judgment — CkarUston 
Patriot. 


THE  POETICAL  WORKS  OF  N.  PARKER  WILLIS. 

Illustrated  by  16  Plates,  after  designs  by  E.  Leutze.  In  One 
Volume,  royal  8vo.     A  new  Edition.     Bound  in  cloth  extra^ 

gilt  edges $5 

Turkey  morocco  super  extra $7 

This  is  one  of  the  most  beautiful  works  ever  published  in  this  country.^ 
Courier  and  Inquirer. 

Pure  and  perfect  in  sentiment,  often  in  expression,  and  many  a  heart  has 
been  won  from  sorrow  or  roused  from  apathy  by  his  earlier  melodies.  The 
illustrations  are  by  Leutze, — a  sufQcient  guarantee  for  their  beauty  and  grace. 
As  for  the  typographical  execution  of  the  volume,  it  will  bear  compaiison  with 
any  English  book,  and  (juite  surpasses  most  issues  in  America.' — Ifeal's  Qazette. 

The  admirers  of  the  poet  could  not  have  his  gems  in  a  better  form  for  hoL- 
'lay  presents. —  W.  Continent. 
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MISCELLANEOUS. 


JOURNAL   OF  ARNOLD'S    EXPEDITION   TO 
aUEBEC,  IN  1775. 

By  Isaac  Sbnteb,  M.  D.     8vo,  boards 62  cts. 

ADVENTURES  OF  CAPTAIN  SIMON  SUGGS ; 

And  other  Sketches.    By  Johnson  J.  Hooper.    With  Illustra- 
tions. 12mo,  paper 50  cts. 

Cloth 75  cts. 


AUNT  PATTY'S  SCRAP-BAG. 

By  Mrs.  Caroline  Lee  Hentz,  Author  of  "Linda."     12ino. 

Paper  covers 50  cts. 

Cloth 75  cts. 


BIG  BEAR  OF  ARKANSAS; 

And  other  "Western  Sketches.     Edited  by  W.  T.  Porter.    In 

One  Volume,  12mo,  paper 50  cts. 

Cloth 75  cts. 


COMIC  BLACKSTONE. 

By  Gilbert  Abbot  a'  Becket.    Illustrated.  Complete  in  One 
Volume.  Cloth 75  cts. 


GHOST  STORIES. 

Illustrated  by  Designs  by  Darlet.     In  One  Volume,  1 2mo, 
paper  coTers 50  cts. 


MODERN  CHIVALRY;  OR,  THE  ADVENTURES  OF 
CAPTAIN  FARRAGO  AND  TEAGUE  O'REGAN. 

By  H.  H.  Brackenridqe.  Second  Edition  since  the  Author's 
death.  With  a  Biographical  Notice,  a  Critical  Disquisition  on 
the  Work,  and  Explanatory  Notes.  With  Illustrations,  from 
Original  Designs  by  Darlet.  Two  volumes,  paper  covers  75cts. 
Cloth  or  sheep ., $1.00 
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COMPLETE  WORKS  OF  lORD  B0LINGBR0E:E  • 

With  a  Life,  prepared  expressly  for  tliis  Edition,  contcaining 
Additional  Information  relative  to  his  Personal  and  Public  Cha- 
racter, selected  from  the  best  authorities.     In  Four  Volumes, 

8vo.     Bound  in  cloth $7.00 

In  sheep 8.00 


CHRONICLES  OF  PIUEVILLE. 

By  the  Author  of  "Major  Jones's  Courtship."    Illustrated  by 

Darley.     12mo,  paper ; 50cts. 

Cloth ; 75cts. 


GILBERT  GTJRNEY. 

By  Theodore  Hook.     With  Illustrations.      In  One  Volume, 
8vo.,  paper 50  cts. 


MEMOIRS   OF   THE    GENERALS,    COMMODORES, 
AND  OTHER  COMMANDERS, 

Who  distinguished  themselves  in  the  American  Army  and 
Navy,  during  the  War  of  the  Revolution,  the  War  with  France, 
that  with  Tripoli,  and  the  War  of  1812,  and  who  were  presented 
with  Medals,  by  Congress,  for  their  gallant  services.  By  Thomas 
Wtatt,  a.  M.,  Author  of  "  History  of  the  Kings  of  France." 
Illustrated  with  Eighty-two  Engravings  from  the  Medals.     8vo. 

Cloth  gilt $2.00 

Half  morocco $2.50 


GEMS  OF  THE  BRITISH  POETS. 

By  S.  C.  Hall.     In  One  Volume,  12mo.,  cloth fl.OO 

Cloth,  gilt $1.25 


VISITS  TO  REMARKABLE  PLACES : 

Old  Halls,  Battle  Fields,  and  Scenes  Illustrative  of  striking 
passages  in  English  History  and  Poetry.  By  William  Howitt. 
In  Two  Volumes,  8vo,  cloth $4.00 

a* 
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NARRATIVE  OF  THE  ARCTIC  LAND  EXPEDITION. 

By  Captain  Back,  E.  N.  In  One  Volume,  8vo,  boards. ..$2.00 


THE   MISCELLANEOUS  WORKS   OF  WILLIAM 
HAZLITT. 

Including  Table-talk ;  Opinions  of  Books,  Men,  and  Things ; 
Lectures  on  Dramatic  Literature  of  the  Age  of  Elizabeth  ;  Lec- 
tures on  the  English  Comic  Writers ;  The  Spirit  of  the  Age,  or 
Contemporary  Portraits.     Five  Volumes,  12mo-,  cloth $5.00 


Half  calf $6.25 


FLORAL  OFFERING 

A  Token  of  Friendship.   Edited  by  Fkances  S.  Osgood.   Illus- 
trated by  10  beautiful  Bouquets  of  Flowers      In  One  Volume, 

4to,  muslin,  gilt  edges $3.50 

Turkey  morocco  super  extra ^5.50 


THE  HISTORICAL  ESSAYS, 

Published  under  the  title  of  "Dix  Ans  D'Etude  Historiqtte," 
and  Narratives  of  the  Merovingian  Era ;  or.  Scenes  in  the  Sixth 
Century.  With  an  Autobiographical  Preface.  By  Augustus 
Thierkt,  Author  of  the  "History  of  the  Conquest  of  England 

by  the  Normans."   8vo.,  paper $1.00 

Cloth $125 


BOOK  OF  THE  SEASONS ; 

Or,  The  Calendar  of  Nature.      By  William  Ho-witt.     One 

Volume,  12mo,  cloth |l 

Calf  extra $2 


PICKINGS  FROM  THE  "PORTFOLIO  OF  THE  RE- 
PORTER OF  THE  NEW  ORLEANS  PICAYUNE." 

Comprising  Sketches  of  the  Eastern  Yankee,  the  Western 
Hoosier,  and  such  others  as  make  up  Society  in  the  great  Me- 
tropolis   of   the    South.      With   Designs   by  Darlet.      18mo., 

paper 50  cts. 

Cloth 75  cts. 
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NOTES  OF  A  TRAVELLER 

On  the  Social  and  Political  State  of  France,  Prussia,  Switzer- 
land, Italy,  and  other  parts  of  Europe,  during  the  present  Cen- 
tury.   By  Samuel  Laing.    In  One  Volume,  8vo.,  cloth $1.50 


HISTORY  OF  THE  CAPTIVITY  OF  NAPOLEON  AT 
ST.  HELENA. 

By  General  Count  Montholon,  the  Emperor's  Companion  in 
Exile  and  Testamentary  Executor.  One  Volume,  8vo.,  cloth,  $2.50 
Half  morocco $3.00 


MY  SHOOTING  BOX. 

By  Frank  Forrester,  (Henry  Wm.  Herbert,  Esq.,)  Author  of 
"Warwick  Woodlands,"  &c.      With  Illustrations,  by  Darlet. 

One  Volume,  12mo.,  cloth 75  cts. 

Paper  covers 60  cts. 


MYSTERIES  OF  THE  BACKWOODS: 

Or,  Sketches  of  the  South-west — including  Character,  Scenery, 
and  Rural  Sports.  By  T.  B.  Thorpe,  Author  of  "  Tom  Owen, 
the  Bee-Hunter,"  &c.  Illustrated  by  Darlet.  12mo,  cloth,  75  cts. 
Paper 50  cts. 


NARRATIVE  OF  THE  LATE  EXPEDITION  TO  THE 
DEAD  SEA. 

From  a  Diary  by  one  of  the  Party.     Edited  by  Edward  P, 
Montague.     12mo,  cloth $1 


MY  DREAMS: 

A  Collection  of  Poems.     By  Mrs.  Louisa  S.  McCord.    12mo, 
boards 75  cts 


AMERICAN  COMEDIES. 

By  James  K.  Paulding  and  Wm.  Irving  Paulding.      Ono 
Volume,  16mo,  boards 50  cts. 
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RAMBLES  m  YUCATAN; 

Or,  Notes  of  Travel  througli  the  Peninsula :  including  a  Visit 
to  the  Remarkable  Ruins  of  Chi-chen,  Kabah,  Zayi,  and  Uxmal. 
With  numerous  Illustrations.  By  B.  M.  Nokman.  Seventh  Edi- 
tion.   In  One  Volume,  octavo,  cloth $2 


THE  AMERICAN  IN  PARIS. 

By  John  Sanderson.     A   New  Edition.     In  Two  Volumes, 

12mo,  cloth $1.50 

This  is  the  most  animated,  graceful,  and  intelligent  sketch  of  French  man- 
ners, or  any  other,  that  we  have  had  for  these  twenty  jea,is.— London  Monthly 
Magazine. 


ROBINSON  CRUSOE. 

A  Complete  Edition,  with  Six  Illustrations.      One  Volume, 

8vo,  paper  covers $1.00 

Cloth,  gilt  edges $1.26 


SCENES  IN  THE  ROCKY  MOUNTAINS, 

And  in  Oregon,  California,  New  Mexico,  Texas,  and  the  Grand 
Prairies  ;  or.  Notes  by  the  Way.     By  Rufus  B.  Sage.     Second 

Edition.     One  Volume,  12mo,  paper  covers 50  cts. 

With  aMap,  bound  in  cloth 75  cts. 


THE  PUBLIC  MEN  OF  THE  REVOLUTION: 

Including  Events  from  the  Peace  of  1783  to  the  Peace  of  1815. 
In  a  Series  of  Letters.  By  the  late  Hon.  Wm.  Sullivan,  LL.  D. 
With  a  Biographical  Sketch  of  the  Author,  by  his  son,  John  T. 
S.  Sullivan.  With  a  Portrait.     In  One  Volume,  8vo.cloth$2. 50 


ACHIEVEMENTS  OF  THE  KNIGHTS  OF  MALTA. 

By  Alexander  Sutherland.  In  One  Volume,  16mo,cloth,  $1.00 
Paper 75  cts. 


ATALANTIS. 
A  Poem.    By  William  Gilmore  Simms.    12mo,  boards,  50  cts. 
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LIVES  OF  MEN  OF  LETTERS  AND  SCIENCE. 

By  Henry  Lokd  Brougham,  Two  Volumes,  12mo,  cloth,  $1.50 
Paper $1.00 


THE  LIFE,  LETTERS,  AND  JOURNALS  OF  LORD 
BYRON. 

By  Thomas  Moore.   Two  Volumes,  12mo,  cloth $2 

THE  BOWL  OF  PTTNCH. 

Illustrated  by  Numerous  Plates.    12mo,  paper 50  cts. 

CHILDREN  IN  THE  WOOD. 

Illustrated  by  Haryey.    12mo,  cloth,  gilt 50  eta. 

Paper 25  eta. 


TOWNSEND'S  NARRATIVE  OF  THE  BATTLE  OF 
BRAND  YWINE. 
One  Volume,  8vo,  boards $1, 


THE  POEMS  OF  C.  P.  CRANCH. 

In  One  Volume,  12mo,  boards , 37  cts. 

THE  WORKS  OF  BENJ.  DISRAELI 

Two  Volumes,  8to,  cloth $2 

Paper  covers |l 

NATURE  DISPLAYED  IN  HER  MODE  OF  TEACH- 
ING FRENCH. 

By  N.  G.  DuFiEF.    Two  Volumes,  8to,  boards $5 

NATURE  DISPLAYED  IN  HER  MODE  OF  TEACH- 
ING  SPANISH. 

By  S.  G.  DuFiEF.    In  Two  Volumes,  Svo,  boards |7 


FRENCH  AND  ENGLISH  DICTIONARY. 

By  N.  G.  DuFiEF.     In  One  Volume,  8vo,  sheep $5 

FROISSART  BALLADS  AND  OTHER  POEMS. 

By  Philip    Pendleton   Cooke.      In  One   Volume,    12mo, 
boards 50  cts. 

THE  LIFE  OF  RICHARD  THE  THIRD. 

By  Miss  Halsted.     In  One  Volume,  8vo,  cloth $1.50 

THE  LIFE  OF  NAPOLEON  BONAPARTE. 

By  William  Hazlitt.    In  Three  Volumes,  12mo,  cloth $3 

Half  calf $4 

TRAVELS  IN  GERMANY,  BY  W.  HOWITT. 
EYRE'S  NARRATIVE.  BURNE'S  CABOOL. 

In  One  Volume,  8vo;  cloth $1.25 

CAMPANIITS   HOLMES'S  ACCOUNT  OF  NEW 

SWEDEN. 
8to,  boards $1.50 

IMAGE  OF  HIS  FATHER. 

By  Mayhew.     Complete  in  One  Volume,  Svo,  paper.  ...2?  ■• 

SPECIMENS  OF  THE  BRITISH  CRITlCS. 

By  Christopher  North  (Professor  Wilson),  lamo,  cloth.  $1.00 


A  TOUR  TO  THE  RIVER  SAUGENAY,  IN  LOWER 
CANADA. 

By  Charles  Lanman.     In  One  Volume,  16mo,  cloth... .62  cts. 
Paper 60  cts 


